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■ABSTRACT 


la  order  t©  establish  realistic  design  criteria  applicable  to 
aerodynamical ly  heated  materials  and  their  complex  combinations  of 
temperature,  tiae  and  stress  exposure  and  inspection  criteria  for 
materials  after  exposure  te  complex  service  conditions,  the  tensile 
properties  ef  2024-13  alclad  and  7075~T6  alclad  sheet  were  determined  at 
room  temperature,  200,  300  and  lfi0oF  after  single  and  sequential  multiple 
exposure  in  the  range  250  through  600°F.  In  addition,  tha  Rockwall  hardness 
properties  at  roox  temperature  after  the  above  exposure  conditions  were 
determined  te  provide  a  basis  for  imspection  of  aircraft  after  service 
exposure  to  aerodynamic  or  engine  heating. 

Five  tensile  properties  were  determined  for  each  exposure  and  test 
condition.  Three  ef  these,  the  proportional  limit,  modulus  of  elasticity, 
and  percent  elongation  were  tabulated  and  graphed  in  a  non-dimensional  fora 
to  generalize  the  data  with  respect  to  test  material  variability.  Since  the 
yield  and  ultimate  strengths  determine  the  load  carrying  ability,  these 
tensile  properties  were  analyzed  carefully  and  generalizations  with  respect 
to  exposure  temperature  and  tiae  and  testing  temperature  were  accomplished. 
Statistical  calculations  were  made  to  determine  the  accuracy  of  the  various 
analyses.  The  conclusion  was  reached  that  the  yield  and  ultimate  strength 
analysis  is  adequate  for  establishing  design  criteria  in  the  range  room 
temperature  through  4 00® F.  after  complex  exposures  to  times  from  1.0  to  1000 
hours  at  temperatures  from  2jC  to  600°F. 

Material,  equipment,  specimens  and  procedures  are  described  in  detail. 
Teat  results  are  presented  in  the  fora  of  tables  and  curves  to  illustrate 
the  effect  of  the  exposure  and  teat  conditions  cn  the  aaterials  under 
investigation  and  the  effect  of  normalization  analyses  on  the  generalization 
of  the  data. 
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EFFS?rs  OF  JEy?ERATU?±-TiyS-STEESS  HISTORIES  C3  THE  MECHANICAL 
PROPERTIES  C?  AIRCRAFT  STRUCTURAL  METALLIC  MATERIALS 


PART  I. 


T3S?SaSEURE-?I3E  STUDIES  FCR  2024-13  AS)  7075-16 
ALCLAD  SHEET 


IXIROLJCTIO’i 


The  extension  of  ai rcraft  operating  speeds  into  the  aagcdytaa c  nesting 
regies  presents  as  extensive  and  important  seed  for  inf creation  relating  the 
effects  of  service  terperatur e- t ire- s tress  histories  to  the  mechanical 
properties  of  metallic  raterials.  Ir.eref ore,  this  Investigation  vas  estab¬ 
lished  through  WA£C  by  Contract  AF33  ( 6l6 J  - 3C2“  is  IIa_.  1955  to  obtain  such 
information  for  aircraft  design  and  inspection  purposes. 


ic  test  aircraft  metallic  saterials  under  all  of  the  complex  are  changing 
combinations  of  temperature,  time  and  stress  to  which  aerod anemically  heated 
parts  are  subjecte-n  would  be  time  consuming  srd  economically  unfeasible. 
However,  it  is  feasible  to  sample  through  the  range  of  temperature,  time  and 
stress  expected  during  supersonic  flights  and  fits  the  tests  performed  deduce 
generalisations  applicable  to  all  combinations  of  the  above  variables. 


The  investigation  consequently  was  limited  to  simple  multiple  temperature- 
time  exposure  sequences  followed  by  tensile  testing  at  room  elevated 
temperatures.  Tests  to  include  the  variable  of  stress  were  not  included  in 
this  program  but  are  contemplated  as  an  extension  of  the  program. 

The  objectives  of  this  investigation  were  specifically  to  (1)  determine 
the  tensile  properties  between  room  temperature  and  kQ0°F  and  the  room 
temperature  hardness  of  two  aluminum  alloys  after  single  and  multiple  exposures 
in  the  range,  room  temperature  through  600 °F  and  zero  through  IOOO  hears, 

(2)  tabulate  the  data  and  plot  the  properties  versus  exposure  time  tor  various 
exposure  and  testing  temperatures  and  exposure  temperature  for  various  exposure 
times  and  testing  temperatures  and  (3)  draw  conclusions  regarding  limits  for 
prediction  of  mechanical  properties  under  complex  temperature- time  conditions 
frem  the  relationships  obtained  under  the  simpler  test  conditions. 


MATERIAL 


Two  .064”  gauge,  46“  x  144”  sheets  each  of  the  metallic  materials, 

2C24-T3  ale  lad  aluminum  alloy,  specification  QQ-A-362a,  and  7075-76 
aluminum  alloy,  specification  QQ-A-287  were  used  for  all  tests  of  this  program. 
For  each  alloy  the  sheets  were  selected  from  a  single  lot  of  material 
at  random  fro*  stock  in  the  production  warehouse  of  Sorthrop  Aircraft,  Inc. 
From  one  sheet  of  each  alloy  verification  tests  of  the  room  temperature 
tensile  properties  and  chemical  composition  were  determined.  The  properties 
v®rs  found  to  ds  within  the  limits  of  the  applicable  specifications  as  shown 
below. 
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TEST  EQUXFKE1T 


The  apparatus  used  to  perform  the  experimental  portion  of  this  investi¬ 
gation  consisted  of: 

(1)  Two  furnaces,  one  oven  and  one  aging  block  for  unstressed 
exposure  of  tensile  specimens  to  elevated  temperatures 
prior  to  tensile  testing. 

(2)  A  furnace  for  exposure  of  tensile  specimens  to  elevated 
temperatures  while  tensile  testing. 

(3)  Two  universal  testing  mp-rM  and  associated  equipment 
for  tensile  testing  of  specimens. 

(k)  Three  potentiometer  type  multi-channel  temperature  recorders, 
for  multiple,  continuous  exposure  and  testing  temperature 
records. 

(5)  A  Rockwell  hardness  tester. 

The  exposure  and  testing  equipment  utilized  in  this  investigation  are 
shown  in  Figures  1  through  10. 

Circulating  Air  Exposure  Furnaces  and  Related  Equipment 

For  unstressed  exposure  of  tensile  specimens,  two  Pacific  Scientific 
Co.,  Bu-Al  1350  furnaces  shown  in  Figure  1  were  utilized  for  all  exposure 
times.  These  furnaces  are  of  the  circulating  air  type  with  fan  located  in 
vertical  rear  wall  of  working  chamber  and  heating  elements  in  vertical  side 
walls,  shielded  from  working  chamber  by  double  sheet  metal  baffles.  The  fan 
blows  air  to  front  of  working  chamber  and  then  between  baffles  and  heating 
elements  hack  to  fan  where  it  is  mixed  and  recirculated.  Insulation  is 
provided  by  lightweight,  high  temperature,  insulating  brick.  Working  chamber 
is  lp.5  x  11  x  14  inches  in  height,  width,  and  depth  respectively.  Rated 
electric  power  input  is  5  kw  maximum,  rated  temperature  range  is  2009F  to 
1350°?.  Temperature  control  is  by  a  calibrated  C-A  20  guage  solid  wire 
thermocouple  located  in  air  at  center  of  working  chamber  ana  two  and  one-half 
inches  belev  top  furnace  well. 

The  control  system  includes  a  Wheelco  **07  Capacitrol  stepless  propor¬ 
tioning  indicating  controller  with  a  zero  to  I0OO0?  range,  a  Wheelco  6l0 
magnetic  amplifier  aid  a  Burton  5  Kva  saturable  reactor.  The  control  thermo¬ 
couple  voltage  is  fed  into  a  galvanometer,  the  pointer  of  which  indicates 
texperature.  A  vane  carried  by  the  temperature  pointer  acts  as  a  valve  far 
the  heating  control  system.  As  this  vane  approaches  the  set  control  point, 
it  starts  to  pass  between  the  pickup  coils  of  a  single  tuned  grid,  tuned 
cathode  oscillator.  The  oscillator  is  designed  to  give  maximum  oscillation 
when  the  vane  is  at  or  above  the  set  temperature  control  position. 
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Proportionally  less  ana  less  oscillation  occurs  over  a  band  of  temperatures 
below  the  set  control  position  as  the  temperature  difference  between  the  wane 
and  set  control  position  increases.  The  action  of  the  oscillator  controls  the 
output  signal  voltage  of  the  koj  controller.  Karimas  oscillation  gives  adnisam 
signal  voltage  and  vice-versa.  The  signal  voltage  is  fed  to  the  6l0  magnetic 
amplifier  (pilot  reactor)  where  the  signal  power  is  boosted  sufficiently  to 
provide  the  strong  magnetic  field  necessary  to  saturate  the  Burton  lead  reactor. 
When  fully  saturated  due  to  wcliui  control  signal  power  the  load  reactor 
delivers  maximum  power  to  the  heating  eleaents.  Conversely,  slnisu»  power  is 
delivered  to  the  heating  eleaents  when  the  load  reactor  has  wri missis  saturation, 
i.e.,  when  minimum  control  signal  power  is  received.  Bated  accuracy  of  the 
kOJ  controller  is  0.25^  of  full  scale  temperature  range.  The  input  voltage 
to  the  control  system  is  stabilized  by  a  voltage  regulator  to  prevent  drift 
in  the  temperature  control  point. 

To  provide  a  sore  constant  exposure  temperature  and  a  greater  rate  of 
approaching  exposure  temperature  for  the  tensile  specimens  than  are  possible 
with  air  contact,  specimens  were  placed  on  metallic  plates  within  the  above 
furnaces.  For  0.1  and  1.0  hour  exposures  the  double  platen  heater  shown  in 
Figure  2  was  used.  These  platens  were  designed  to  provide  a  constant  temper¬ 
ature  neat  sink  during  the  insertion  and  removal  of  specimens  from  the  exposure 
furnace.  In  addition,  as  the  result  of  being  sandwiched  between  the  platens 
the  specimens  approached  and  reached  the  exposure  temperature  in  less  than  30 
seconds  permitting  close  control  of  exposure  time.  Essentially,  the  platens 
are  two  large  masses  of  aluminum  and  steel  which  are  heated  by  the  furnace  to 
the  correct  exposure  temperature.  Each  platen  is  solid  aluminum  block,  2.75  1 
9  x  13  Inches,  surrounded  on  five  sides  by  .375  inch  steel  plate.  Due  to  its 
lower  heat  conductivity  as  coopered  to  aluminum,  the  steel  plate  is  used  to 
reduce  beat  losses  in  the  platens  during  periods  of  loading  and  unloading, 
specimens.  The  mating  surfaces  of  the  platen  axe  aluminum  for  good  heat 
conduction  during  exposure  of  specimens.  The  upper  platen  is  lifted  as  needed 
by  a  detachable  lever  arm. 

For  the  10,  100,  and  1000  hour  exposures  in  the  above  furnaces  the 
temperature  stabilizing  plates  shown  in  Figure  3  were  used.  These  plates 
also  provided  a  constant  temperature  heat  sink  for  the  specimens,  and  the 
somewhat  longer  time  tc  reach  exposure  tesperature  is  negligible  in  relation 
to  the  exposure  times. 

Circulating  Air  Oven  and  Related  Equipment 

This  oven,  shown  in  Figures  1  and  4,  was  constructed  sose  years  ago 
by  Northrop  for  elevated  tesperature  use  Tip  to  500°F.  It  is  of  the  circu¬ 
lating  air  type  with  external  fan  which  blows  air  through  a  duct  into  the 
bottom  of  the  work  chamber  through  the  rear  vertical  wall  and  exhausts  the  air 
at  rear  of  top  wall  into  the  return  duct.  There  are  two  separately  controlled 
electric  heating  units:  a  2.1  Kv  finned  unit  located  in  the  inlet  air  duct; 
and  a  1.25  Sw  unit  on  a  vertical  baffle  near  the  rear  wall  of  the  working  chamber 
Insulation  is  provided  by  transite  sheet  and  glass  wool  batting.  Working  area  is 
20  5  ll  x  15  inches  in  height,  width,  and  depth  respectively. 
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A  Senval  "thermostat,  located  at  upper  left  corner  of  working  chamber,  controls 
the  2.1  Kw  beater.  A  Chromlox  #AR-552 k  sealed  mercury  type  thermostat 
controls  the  1.23  Kw  heating  unit,  and  the  sensing  element  of  this  thermo¬ 
stat  is  centered  In  front  of  the  vertical  baffle  at  the  rear  va.ll  of  working 
chamber. 

Temperature  control  of  the  air  in  this  furnace  is  rather  poor  with  about 
“  20°P  variation  about  control  point  after  stabilization.  However,  metal  to 
aeial  contact  of  specimens  between  the  aluminum  plates  of  the  fixture  shewn  in 
Figure  ?  reduced  exposure  temperature  -variation  of  the  specimens  to  acceptable 
limits.  This  fixture  has  provision  for  raising  and  separating  the  individual 
plates  to  permit  insertion  of  specimens  between  the  plates. 

This  furnace  was  pressed  into  service  for  10  and  100  hour  exposures  during 
the  sequential  exposure  tests  when  it  was  found  that  at  least  three  furnaces 
were  required  to  permit  time  for  tesperature  stabilisation  of  furnaces. 

Aging  Block 

As  an  alternate  third  specimen  exposure  furnace  during  occasional  break¬ 
down  and  repair  of  some  of  the  above  furnaces,  the  Comet  Model  600  laboratory 
aging  block  shown  in  Figure  3  was  usea  for  some  100  hour  specimen  exposures. 

This  block  consists  of  a  solid  precision  machined  block  of  aluminum  about  18 
inches  in  diameter  fine  13  inches  high  with  13  wells,  each  open  at  the  top. 

The  veils  are  1.73  inches  in  diameter  and  11  inches  deep.  An  plate 

completely  covers  the  bottom  cf  the  block  and  is  removable  for  ease  of  main¬ 
tenance.  The  wells  are  symmetrically  arranged  in  the  block  on  a  10.3  inch 
centerline  diameter.  Five  $00  watt,  220  volt,  60  cycle  heater  cartridges  axe 
arranged  synmeirlcally  in  holes  in  the  block  on  a  five  inch  centerline  diameter. 
Unit  is  designed  for  close  tesperature  control  fro*  1DC°F  to  600°P.  Manufacturer 
is  Product  Packaging  Engineering  ,  Culver  City,  California. 

Two  temperature  controllers  in  series  with  each,  other  and  with  the  heat¬ 
ing  cartridges  are  used  far  control.  A  Fezrval  Thermostat,  Model  17352,  located 
in  a  hole  in  the  center  c?  the  aging  block,  is  set  slightly  higher  than  the 
operating  tesperature  of  the  Partlow  instrument  acid  acts  as  e  safety  instrument 
to  prevent  temperature  override  in  case  of  function  o?  the  P&rtioC  instru¬ 
ment.  The  Partlcw  Indicating  iaaperature  Control,  Model  SlSR  cKIFUO,  controls 
the  tesperature  of  the  unit.  It  is  a  mercury  bulb,  impulse  type,  proportioning - 
thersostatic  control  incorporating  a  stiff-leaf  spring  attached  to  a  switch  as 
the  proportioning  device.  The  spring-switch  is  attached  to  end  follows  the 
reveaent  of  the  block  temperature  indicating  pointer  arm.  This  pointer  am  is 
roved  up  or  down  the  temperature  scale  in  response  to  the  expansion  or  contrac¬ 
tion  of  the  mercury  bulb  sensing  element.  As  the  pointer  approaches  the  control 
proportioning  hard,  the  switch  approaches,  as  constantly  turning  cam.  At  the 
lower  edge  of  the  proportioning  control  band,  the  switch  contacts  the  high  point 
of  the  cam  and  opens  for  a  very  short  time  each  cycle.  At  upper  ed^e  of  the 
proportioning  band  the  switch  is  opened  for  all  of  the  cycle  and  p^wer  is  fur¬ 
nished  continually.  The  control  point  will  be  at  sees  temperature  -ithin  the 
proportioning  band  depending  on  the  power  required  to  just  maintain  a  constant 
temperature.  For  this  instrument,  width  of  proportioning  bscd  is 
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50°F:  Scale  range  is  100-o50®P;  line  voltage  is  2207,  60  cycle.  The 
Partlcw  instrument  mercury  bulb  is  located  la  a  hole  in  the  aging  block 
between  two  of  the  wells. 


Circulating  Air  res 


rurnace  &  Bela tee 


The  Pacific  Scientific  3482020 AS  Testing  furnace  was  used  for  all 
exposures  of  tensile  specimens  during  tensile  testing.  This  furnace,  shorn 
in  Figure  6,  is  of  the  circulating  air  type  with  fan  located  in  vertical  rear 
wall  of  working  chamber  and  heating  elements  in  vertical  side  walls,  shielded 
from  working  chamber  by  double  sheet  metal  baffles.  The  fan  blows  air  to 
front  of  working  chamber  and  then  between  baffles  and  heating  elements  hack 
to  fan  where  it  xs  sized  and  recirculated. 


Insulation  is  provided  by  lightweight,  high  temperature,  insulating 
brick.  Working  chamber  is  SC  x  7-5  x  20  inches  in  height,  width,  depth, 
respectively.  Bated  electric  power  input  is  7  kw  maximum.  Bated  temperature 
range  is  200°P  to  1000°?. 

Temperature  control  is  by  a  calibrated  C-A  20  gauge  solid  wire  thermo¬ 
couple  located  mear  test  specimen  in  working  chamber.  The  temperature  control 
instrument  is  a  Minaeapolis-Honeywell  Brown  Electronik  recorder,  0-1200°? 
mage,  with  an  Electrcpclse  time  proportioning  relay.  By  proper  adjustment, 
this  control  turns  the  heater  power  on  And  off  in  a  series  of  pulses,  varied 
so  that  the  temperature  control  position  is  approached  at  the  optima  rate 
and  reached  without  overshooting.  Overall  calibrated  accuracy  of  the 
recorder  is  0.2>j£  of  full  scale  teaperetsre  range. 

Temperature  Recorders 


Three  Brown  Electronik  potentiometer  type  strip  chart  temperature 
recorders  were  utilized  to  record  temperatures  durii^  specimen  exposure  and 
testing.  These  lns-zumexxts  are  equipped  with  one  second,  12-point  printing 
wheels  and  an  additional  timer  to  permit  recording  far  30  seconds  every  30 
minutes  during  10,  100  and  1000  hour  exposure  periods.  Continuous  12  point 
cycle  recording  was  used  during  the  0.1  and  1.0  hcur  exposure  tests.  Each 
recorder  has  a  rated  accuracy  of  0.254  of  full  scale  temperature  rar^e.  Two 
of  the  recorders  have  a  fall  scale  of  0.  to  S0D°P  and  the  other  -75  to  5759F. 
Theraocorples  used  with  the  recorders  are  20  gage  solid  1-C  (B-S)  wire, 
calibrated  at  Xarthrop  by  comparison  with  secondary  standard  thermocouples. 


The  Baldwint-Tate-Seery,  Kocel  PTE,  universal  testing  machine  of  5000  lb. 
aaxl^un  capacity  shown  in  Figure  7  was  used  for  tensile  testing  in  all  but 
the  last  series  of  sequential  exposure  tests  (Tables  JjffU  4  XXXII)  •  This  machine 
incorporates  an  Emery  hydraulic  load  measuring  cell  and  a  Tate-Emery  hyflraulic- 
pneusatic  load  Indicator.  He  load  indicator  has  four  ranges  >000  lb., 

1000  lb.,  200  lb.,  and  50  lb-  Eowever,  only  the  first  two  ranges  were  used. 

These  ranges  are  rated  to  have  an  error  less  than  0.5Jt  of  load  reading  or  one 
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division,  whichever  is  greater.  The  least  scale  divisions  are  5  lb.  for  the 
5000  lb.  load  indicator  range  and  1  lb.  for  the  1000  lb.  range.  The  Machine 
is  capable  of  loading  in  either  tension  or  compression. 

Loading  and  straining  occurs  when  the  crossheads  are  separated  by  the 
Mechanical  power  system.  Straining  crossbead  is  driven  by  two  screws  which 
are  rotated  by  a  gear  drive.  The  gear  drive  is  powered  by  a  DC  motor  (oae 
EP)  through  a  two-speed  chain  drive  transmission.  Variable  crosshead 
separation  is  provided  through  electronic  control  of  the  power  input  to  the 
DC  motor.  Any  setting  of  the  speed  control  rheostat  provides  a  constant 
rate  of  cross  head  separation  at  that  setting.  Crosshead  separation  rates 
are  steplessly  variable  in  two  ranges,  0.0025  to  10  inches  per  minute  or 
0.005  to  20  inches  per  minute. 

For  tensile  testing  hemispherical  self-adjusting  loadiig  seats  1m  test 
machine  crossheads  connect  to  high  temperature  extension  lna/M^ng  rods,  pin¬ 
point  specimen  loading  heads  and  tensile  specimens.  Figures  6,  7,  8,  9, 
and  10  show  details  of  specimen  i  assembly. 

To  graph  load  versus  strain  this  machine  incorporates  a  Baldwin  HA-1, 
microformer  type  recorder  as  shown  in  Figure  $.  The  pen  of  this  recorder 
is  attached  mechanically  to  the  load  indicating  pointer  of  the  machine  to 
record  load.  The  recorder  dram  with  graph  paper  rotates  in  response  to  n 
strain  follower  extensaneter  signal  to  record  the  strain  in  a  tensile 
specimen.  Minimum  load  division  on  recorder  graph  is  0.01  of  recorder  load 
range.  Graph  record  Is  on  a  drum  permitting  a  mBdma  chart  length  at  12 
inches  for  strain  recordix^.  Possible  strain  record  magnifications  with 
either  the  Baldwin  PS-5M  or  PS3-8MS  strain  follower  (extens  carter)  are 
250:1,  500:1,  and  1000:1.  During  this  prngran  only  the  250:1  magnification 
with  a  rnlulmnn  graph  division  of  0.0004  inch  strain  was  utilized. 

Figure  6  shows  a  typical  test  assembly  in  the  raraace. 

120,000  lb.  Capacity  Universal  Testing 

A  Baldwin-Tate-finery  Universal  testing  machine  of  120,000  lb.  nsudnam 
capacity  was  used  for  the  last  series  of  sequential  exposure  tests  in  this 
program  because  of  repairs  and  alterations  to  the  5000  lb.  capacity  machine, 
This  anrhlue  incorporates  am  Emery  hydraulic  load  measuring  cell  and  a  Tate- 
Sfeery  hydraulic-pneumatic  load  indicator.  The  load  indicator  has  three 
ranges  120,000  lb.,  24,000  lb.,  and  6,000  lb.  Only  the  lowest  load  range 
was  used.  This  range  has  a  least  division  of  5  lb.  a«a  a  rated  naximnm 
error  ef  0.y%  of  load  or  O.lOJt  of  range,  whichever  is  the  greater.  The  machine 
is  capable  of  loading  in  either  tension  or  compression. 


Loading  and  straining  oc«.uro  when  the  c.^S5heads  sit  sspssttd  by  the 
ram  at  the  hydraulic  power  system.  The  rate  of  crosshead  separation  Is 
controlled  by  two  hydraulic  valves,  one  far  loading  and  one  for  the 

crossheads.  Crosshead  separation  rates  are  steplessly  variable  from  zero  to 
six  Inches  per  minute.  Any  setting  of  the  loading  or  valve  provides 
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a  constant  speed  of  the  hydraulic  ran, 


For  tensile  testing  the  sane  specimen  loading  assembly  is  used  'with 
this  machine  -as  with  the  yOOD  lb.  caching. 


To  graph  lend  versus  strain  the  sane  type  of  recorder  is  incorporated 
with  this  esc  hi  sc  as  with  the  5000  lb.  machine. 


Hooa  Temperature  Sxtensoseter 


A  Baldwin  PS-5M  strain  follower  extensoneter  was  used  for  strain 
measurements  during  all  room  temperature  tensile  tests.  This  extensoneter 
is  of  the  averaging,  separable  type  incorporating  conical  points  for 
coatacting  opposite  sides  Of  the  test  specimen,  a  two  inch  gage  length  and 
.Qk  inch  aaxisus  extension.  It  can  be  used  in  testing  flat  asd  round 
specimens  with  a&ximun  diEehsions  of  -5^5  inches  square  or  -505  inches 
diameter.  A  typical  room  temperature  testing  assembly  is  shown  in  Figure  10. 

Sisvated  Temperature  Extensors ter 


A  Baldwin  PSE-6XS  strain  follower  extenscoeter  was  used  for  strain 
seasur assents,  during  ail  elevated  temperature  tensile  tests.  This  exten- 
s  ere  ter  is  of  the  averaging,  separable  type  incorporating  conical  points 
for  contacting  opposite  sides  of  the  test  specimen,  a  two  inch  gage  length 
and  .0^  inch  ra-rtr^ra  extension  during  testing.  It  is  designed  for  use  at 
temperatures  up  to  l600°F  on  sheet,  plate,  and  round  specimens  with  maxima 
dimensions  of  .505  inches  square  or  .505  inches  diameter.  This  extens areter 
has  been  modified  using  longer  extension  arms  and  a  specimen  strain  follower 
head  of  liorthrop  design.  The  strain  measuring  lever  and  Eicroforoer  coil 
system  is  unchanged.  Figure  9  shows  details  of  the  strain  follower  heads 
and  extension  airs  in  relation  to  a  tensile  test  specimen  while  Figure  8 
shows  details  of  a  typical  ertens (meter,  tensile  specimen  assembly. 

Baroness  Tester 


Two  Rockwell  standard  hardness  testers,  one  model  3R  and  one  model  4JR-P1, 
manufactured  by  the  Wilson  Mechanical  Instrument  Division  of  American  Chain  ana 
Cable  Co.  were  used  to  determine  the  hardness  of  tensile  test  specimens. 
Instrument  accuracy  was  determined  periodically  by  comparing  instrument  readings 
with  brown  hardness  of  a  calibrated  test  block. 


EXPZSIHS5IAL  PROCEDURES 


The  experimental  portion  of  this  investigation  consisted  of: 

(1)  Preparation  of  tensile  specimens. 

(2)  Unstressed  exposure  cf  tensile  specimens  to  selected  temperature 
time  conditions. 
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(3)  Tensile  tests  at  selected  temperatures  vith  and  without 
prior  unstressed  exposure. 

(h)  Rets  temperature  tensile  tests  of  specimens  frc»  each 
material  panel  fer  ccsparison  with  above  tensile  tests. 

(5)  Determination  of  inherent  errors  in  measuring  temperature,, 
tine,  load  and  strain. 

(6)  Measurement  of  root  temperature  hardness  on  all  specimens 
tested  at  rcc*  temperature. 


Specimen  Preparation 


Each  sheet  used  for  nesting  was  cut  into  panels  large  enough  for  14 
specimens  placed  side  by  side  and  the  axis  of  each  specimen  transverse  to 
the  rolling  direction  of  the  sheet.  Each  panel  was  designated  with  a  letter, 
starting  with  A  and  going  to  Z,  then  to  AA_  3B,  etc.  The  panels  were  used  in 
this  sequence.  The  twelve  cuter  specimens  in  each  panel  were  numbered 
v executively  frea  one  to  twelve  and  used  for  elevated  temperature  exposure 
ssu  testing.  The  middle  two  specimens  were  numbered  Cl  and  C2  and  used  for 
rocs  temperature  control  tests  with  which  to  cccpare  the  elevated  teeper- 
sture  tests  of  the  same  panel.  The  complete  designation  for  each  specimen 
V3s  typically 


2A1,  ?232.-  2MC1 

where  the  first  digit  designates  the  alloy,  2  far  2CSh  and  7  for  7075,  the 
first  letter  designates  the  panel,  thr-  second  letter,  C,  designates  room 
temperature  control  specimen,  only,  and  the  second  rusher  or  pair  of  numbers 
designates  the  sped sen. 


This  panel  system  of  specimens  was  adopted  primarily  to  sinicize  the 
ESterial  variability  factor  in  data  analysis,. 

Each  specimen  was  sec  hired  to  the  configuration  of  Figure  11.  This  pin 
Joint  configuration  was  chosen  since  it  was  believed  that  improved  alignment 
and  more  uniform  stressing  coaid  be  obtained  than  with  the  standard  Qft-M-151 
specimen  clamped  in  jaws.  In  addition,  for  elevated  temperature  testing  the 
pin  joint  type  specimer  was  as  scut-led  more  easily  and  rapidly  than  the  standard 
type,  thus  causing  less  temperature  drop  of  the  testing  furnace  during  assembly 
cf  specimen  and  less  recovery  time  to  the  testing  temperature. 

To  prepare  the  specimens,  panels  were  cut  into  individual  specimen  blanks 
with  their  suds  in  the  direction  transverse  to  the  original  sheet  rolling 
direction.  Then,  eight  blcnhs  at  a  time  were  Billed  in  a  fixture  to  the 
required  length,  width,  and  reduced  Test  section.  Next  each  specimen  was 
fastened  securely  in  s.  simple  drill  fixture  which  assured  correct  alignment  of 
tjy  holes  with  respect  tc  the  test  section  and  each  pin  joint  hole  drilled. 
Finally,  the  silled  edges  and  surfaces  of  the  reduced  test  section  of  each 
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specimen  were  smoothed  of  all  milling  narks  and  surface  scratches  with  iGO 
grit  paper,  the  resultant  finishing  marks  being  in  the  axial  direction  only. 


Unstressed  Exposures 

Specimen  exposure  conditions  were  confined  to  sampling  the  temperature - 
time  span  in  which  alunl  nun  alloys  would  he  structurally  useful  when  subjected 
to  aerodynamic  heating.  Single  exposures  as  veil  as  sequences  of  exposures 
were  investigated.  To  each  single  or  sequential  multiple  tempera tur e- time 
condition  a  different  group  of  twelve  specimens  were  exposed.  During  exposure 
none  of  the  specimens  were  subjected  to  externally  applied  stresses. 

?irst,  a  series  of  single  exposures  were  performed  as  follows  to  serve 
as  a  basis  for  comparison  with  the  more  complex  exposure  conditions. 


Single  Exposure  Conditions 

2024- T3  7075-To 

Temp. ,°?  Time,  Sours  Temp.,  °?  Time,  Hours 


3G0 

0.1, 

1.0, 

10, 

100, 

1000 

250 

100, 

1000 

IfCO 

0.1, 

1.0, 

10, 

100, 

1000 

300 

0.1, 

1.0, 

10, 

100, 

1000 

500 

0.1, 

1.0, 

10, 

100, 

1000 

kOO 

0.1, 

1.0, 

10, 

100, 

1000 

600 

0.1, 

1.0, 

10 

500 

0.1, 

1.0, 

10, 

100, 

1000 

Then  a  series  of  simple,  sequential  exposures  were  performed  as  fellows  to 
approximate  complex  exposure  conditions.  These  exposure  sequences  were 
arranged  before  testing  to  attempt  to  adequately  sample  the  useful  taaperature- 
time  span  for  the  subject  alloys. 

Sequential  Exposure  Conditions 

1st  Exposure  2nd  Exposure  3rd  Exposure  4th  Exposure 
Sequence  1.0  Hour _ 10  Hours _ 100  Hours  1000  Hours 


2024-T3  Alloy 


1 

500°F 

ifO0°F 

2 

500°? 

if00°? 

3009? 

600  c? 

500 °F 

if 

6oo°? 

5009? 

400°? 

5 

6oo°? 

5009? 

400°F 

300°? 
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Finally,  an  additional  series  of  sisple  sequential  exposures  vere  per¬ 
formed  as  follows  to  fall  entirely  on  the  critical  inclined  portion  of 
modified  Larsen-Miller  curves  as  determined  froa  analysis  of  data  from  the 
first  ana  second  series  of  exposure  tests. 

Additional  Sequential  Exposure  Conditions 


1st  Exposure _ 2nd  Exposure _ 3rd  Exposure _ 4th  Exposure 

Sequence  Tesm.cy  Tgmp.dg  Tif>,Hrs.  Tesp.^F  Tjge,Srs.  Tesp.°F  Time,Hrs 

2024-T3  Alloy  _ 


11 

600 

1.0 

555 

5.1 

51C 

18.7 

465 

99.6 

12 

555 

1.0 

510 

4.3 

465 

21.5 

420 

126.1 

13 

510 

1.0 

465 

4.6 

420 

25.2 

375 

165.O 

14 

465 

1.0 

420 

5.0 

375 

30.0 

330 

219.0 

■  -  f 

7075-T6  Alloy 

15 

1.0 

46o 

3.9 

17.6 

380 

90.5 

16 

46o 

1.0 

420 

4.2 

380 

20.2 

320 

113.4 

17 

420 

1.0 

380 

4.5 

340 

23.4 

145.1 

18 

380 

1.0 

340 

4.8 

27.7 

260 

191-7 

The  method  of  exposure  included  rapidly  heating  test  specimens  to  the 
required  temperature,  soadking  for  the  required  ccmbinaticn(s)  of  temperature 
and  time  ax  circulating  air  furnaces,  ovens  acl  aging  block,  and  transferring 
as  rapidly  as  possible  between  furnaces  or  to  rbe  tensile  testing  equipment. 

The  method  was  design***  especially  for  the  shorter  (0.1,  1.0  and  10  hour) 
exposure  periods,  i.e. ,  tensile  specimens  vere  inserted  in  the  furnace  so  as  tc 
minimize  the  time  to  reach  the  exposure  temperatures  with  the  minimum  possible 
deviation  and  transferred  to  the  next  exposure  furnace  or  tensile  testing 
xmchine  in  the  minimum  possible  time. 

During  the  0.1  and  1.0  hour  exposures  specimens  were  inserted  between  the 
platen  heaters  shown  in  Figure  2.  With  these  platens  the  time  tc  reach  exposure 
temperature  and  the  temperature  deviation  curing  exposure  were  the  least  of  any 
of  the  exposure  methods  utilized.  Further,  the  furnace  doors  could  be  opened 
without  changing  the  teopersture  ~'f  »  heated  platens  or  specimens  already  on 

•che  platens,  thus  permitting  sequent,  insertion  of  the  specimens.  Measurement 
of  exposure  time  started  at  the  moment  a  specimen  was  inserted  between  the 
platens  ana  ended  the  moment  the  furnace  door  was  opened  to  remove  the  specimen. 
The  time  for  specimens  to  reach  within  5°?  of  the  maximum  soaking  temperature, 
6C0°F,  was  15-2p  seconds.  The  time  free  opening  the  furnace  door  to  removing 
a  specimen  was  5*10  seconds. 

During  the  10  hour  end  longer  exposures  specimens  were  sandwiched  between 
or  laid  upon  0.75"  thick  aluminum  plates  in  the  circulating  air  furnaces  shown 
in  Figures  3  and  4  or  suspended  by  vires  fro*  corks  and  suspended  in  air  in 
plugged  individual  veils  Of  the  aging  block  shown  in  Figure  5-  Tixe  to  reach 
the  exposure  temperature  for  these  longer  exposures  vss  negligible  (0.1 $  or  less 
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of  exposure  xine)  in  ccrparison  t-o  the  exposure  tizses.  The  temperature  o? 
specimens  already  on  the  aluminus  plates  or  in  an  aging  block  veil  vere  not 
changed  by  opening  a  furnace  door  car  rescviig  the  ccxrk  fro®  adjacent  aging 
block  veils,  thus  permitting  sequence  insertion  of  specimens.  Exposure  tine 
measurement  started  the  mcaent  a  specimen  vas  laid  on  an  aluminum  plate  or 
inf  irted  in  an  aging  blc  *  veil  and  ended  the  nosent  the  furnace  door  vas 
opened  or  cork  removed  free  aging  block  veil 

Temperature  geasureaent  during  exposure  vas  by  20  gauge  solid  vire 
iron-cons tantan  thermocouples .  These  thermocouples  vere  calibrated  prior 
to  use  by  c  Caspar  is  on  with  a  platinus  -  10t  rhodium,  platinum  theraoccuple 
which  had  been  standardised  within  the  previous  six  sonths  at  the  Rational 
Bureau  of  Standards.  Temperature  recording  thermocouples  were  imbedded  in 
the  platens  and  plates  .05  inch  below  surfaces  contacting  specimens  or 
inserted  in  aging  block  wells  adjacent  to  specimens.  Three  or  more  couples 
were  utilized  to  record  temperatures  at  the  minimum,  mean  and  aaxiaam 
temperatures  of  each  furnace  or  aging  block.  Each  thermocouple  temperature 
was  recorded  on  one  of  the  Brown  ~£lectron±k=  potent!  -uter  type  recorders 
shown  in  Figures  i  said  5  intervals  of  30  minutes  during  1.0  hour  and 
longer  exposures  and  at  intervals  cf  15  seconds  during  0.1  hoar  exposures 
and  the  start  and  end  of  all  exposures. 


Deviation  of  recorded  specimen  temperatures  from  the  nominal  temper¬ 
atures  listed  above  and  in  the  data  tables  was  1 2j°P  or  less  for  all  0.1 
hour  and  1.0  hoar  single  exposure  conditions  amd  i  y°p  or  less  for  10 
hour  and  longer  single  exposure  conditions  as  well  as  all  the  sequential 
exposure  conditions,  with  the  following  exceptions: 

Further  deviation  of  the  actual  exposure  temperatures  from  the  listed 
ncsanal  tesperatures  is  possible  for  the  following  reasons:  (l)  TCsper- 
ature  readings  of  the  calibrated  thermocouples  varied  frea  the  equivalent 
standard  thersocouple  readings  up  to  -  1°F  throughout  the  exposure  temper¬ 
ature  range,  (2)  the  5.3. S.  standardized  therroc copies  used  for  calibrating 
the  recording  thermocouples  are  certified  to  have  no  sere  than  -  0.9°? 
error  or  departure  free  the  standard  Iron  -Cons  tantan  tesperatare  easf  relation¬ 
ship,  (3)  the  aaxiaug  error  in  Brown  strip  chart  temperature  records  vast  1°? 
when  determined  by  substituting  accurate  voltages  to  simulate  thermocouple 
signals  in  the  recorders.  Since  corrections  for  these  errors  were  cot  made 
during  testing,  a  ±2.5°?  additional  deviation  of  actual  temperature  fro*  the 
listed  values  is  The  data  tables  is  possible. 


Tensile  Testing 

Following  unstressed  exposure,  each  group  of  twelve  specimens,  repre¬ 
senting  one  single  or  sequence  exposure  condition,  vas  separated  into  sub¬ 
groups  cf  three  specimens  each  and  a  different  sub-group  tensile  tested  at 
each  of  the  following  exposure  temperatures : 

Boos  Temperature 
200°? 

300°? 

boo°y 
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In  addition  to  tbs  above  test  .aree  specimens  each  of  each  alloy  vere 
tested  at  200,  300  and  4009?  without  prior  exposure  to  serve  as  a  zero 
exposure  reference  with  which  to  cccpsre  all  other  exposure  tests.  Also, 
two  tensile  sped  mere  free  the  middle  of  each  panel  (see  Spec  ires  Prepa¬ 
ration)  were  tensile  tested  at  roar  temperature  in  the  “as  received3 
condition. 

Baring  testing  the  sequence  of  events  consisted  of  (l)  taking  a  specimen 
free  an  exposure  furnace  or  aging  block,  (2)  transferring  the  spectres  about 
fifteen  feet  to  the  tensile  testing  equipment,  (3)  queuing  the  test-  furnace 
door  and  assembling  the  specimen  into  the  loading  heads,  (4)  closing  the  test 
furnace  door  and  applying  and  maintaining  a  small  load  on  the  specimen,  (5) 
opening  the  furnace  door  and  attaching  the  extenscreter  to  the  specimen,  (6) 
closing  the  furnace  door  and  adjusting  and  maintaining  the  load  at  a  slightly 
higher  value,  (7)  heating  the  specimen  until  the  required  temperature  is 
reached  and  (8)  starting  the  tensile  test. 

Transfer  time  of  each  specimen  including  the  tine  the  exposure  furnace 
door  or  aging  block  well  was  opened  until  the  specimen  and  extenscoeter  were 
completely  assembled  and  started  to  heat  to  the  testing  bsEperature  was  no 
more  than  60  seconds.  The  tine  required  to  heat  a  specimen  to  the  testing 
temperature  depended  on  the  recovery  rate  cf  the  testing  furnace  sad  varied 
from  ?  minutes  for  the  200°?  testing  temperature  to  12  minutes  for  the 
4009?  testing  temperature.  The  exposure  time  at  elevated  temperature  during 
tensile  testing  depended  on  the  length  of  the  tensile  testirg  period  and  was 
&bcut  0.4  minute  for  each  percent  elongation  a  specimen  withstood.  Testing 
tise  varied  from  about  3  sinutes  for  specimens  with  7  percent  elongation  to 
about  33  Jsinates  for  specimens  with  82  percent  elongation. 

During  each  tensile  test  the  rate  of  testing  sachine  crosshe&d  travel 
was  held  constant  and  was  selected  to  give  a  strain  rate,  prior  to  yield, 
as  nearly  .005  in, /in. /ran.  as  possible.  Since  sons  yielding  in  hearing  at 
the  pin  Joint  holes  occurred  on  some  specimens  because  of  the  large  range  of 
exposure  and  testing  conditions  the  rate  cf  crosshead  travel  was  varied  scar- 
what  so  as  to  maintain  a  nominal  .00y  in . /in . /minute  strain  rate  prior  to 
yield .  The  strain  rate  and  head  travel  rate  of  each  specimen  are  listed  in 
the  data  tables. 

The  load-strain  measuring  system  cesposed  of  exteuseseters  to  follow  the 
strain  on  a  two  inen  gage  length  of  each  specimen,  a  sechnnicsl  linkage 
between  the  tensile  eacbice  load  measuring  system  and  an  autographic  recorder 
to  follow  the  load,  and  an  autographic  lead-strain  recorder  t©  continuously 
graph  the  loed  strain  curve  up  through  the  yield  point  during  testing  was 
utilized  to  provide  data  for  calculation  of  the  modulus  of  elasticity, 
proportional  limit  and  yield  strength. 

The  system  error  in  strain  readings  was  determined  for  each  extensceeter 
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by  several  calibrations  at  periodic  intervals  throughout  testing.  Calibration 
ejuipsent  consisted  of  a  Baldwin  strain  follower  calibrator  and  a  set  of  cali¬ 
brated  Hoke  gage  blocks.  Each  calibration  consisted  of  comparing  autographic 
recorder  readings  versus  gage  block  dimensions  for  five  to  ten  increments  of 
strain  through  the  useful  range  and  averaging  the  results  for  three  or  sore 
runs.  Error  in  the  Hoke  g age  blocks  (.OGODG3”  in./ in.  saxiram)  was  7  to  i8o 
times  smaller  than  the  error  in  the  strain  measuring  system  and  was  considered 
negligible.  Error  in  the  strain  measuring  system  is  shown  in  Table  I  and  is 
1C*£  or  less  of  any  strain.  The  errors  of  Table  I  remain  uncorrected  in  calcu¬ 
lation  e-nd  tabulation  of  the  data. 

The  lead  indicator  reading  on  the  testing  ear  rve  at  raTiwa  lead  was 
used  to  provide  data  for  the  calculation  of  the  ultimate  strength.  The  load 
indicator  errors  and  the  autographic  recorder  errors  were  determined  for  each 
testing  machine  with  standardized  dead  weights  and  proving  rings.  Both  the 
lead  indicator  and  autographic  recorder  errors  are  shown  in  Table  II  and  are 
ly  or  ci  respectively ifcr  any  load.  Each  calibration  shown  is  the  average  of 
three  or  more  runs  at  the  stated  loads. 

Cage  *erks,  2.000  inches  apart  on  the  original  test  specimens  were  used 
to  determine  the  total  percent  elongation  after  fracture.  Dividers  were 
used  to  determine  length  between  gage  marks  on  mated  halves  of  fractured 
specimens.  Accuracy  of  measurement  was  .01  inches  or  0.5 %  elongation. 


nardress  Testing 

After  completion  cf  testing,  hardness  determinations  were  made  on  all 
specimens  that  had  been  tensile  tested  at  rooc  temperature.  Rockwell  hardness 
indentations  were  made  only  -ear  the  unstressed  four  corners  of  the  pin  joint 
leading  section  of  each  half  of  each  specimen.  Each  hardness  value  listed  in 
this  report  on  the  average  of  three  or  sore  hardness  readings.  Early  in  the 
hardness  tests  it  was  discovered  that  two  hardness  scales.  3  scale  and  H 
scale,  were  necessary.  The  range  of  mechanical  strength  and  hardness  was  so 
great  that  the  softer  specimens  exhibited  the  anvil  effect,  i.e.,  the  work 
hardening  of  she  specimen  extended  completely  through  ard  was  visible  on  the 
opposite  side  from  the  impression.  The  ~3  scale3  with  a  100  kilogram  load 
and  a  1,  lo  inch  call  was  used  originally.  The  ’’a”  scale  with  a  60  kilogram 
lead  and  a  1/6  inch  ball  was  added  for  softer  specimens.  3  H  scale 
readings  were  taken  on  all  specimens.  All  hardness  determinations  that 
exhibitec  excessive  anvil  effect  and  scatter  between  readings  were  eliminated 
from  inclusion  in  this  report.  The  hardness  readings  in  each  determination 
varied  no  more  than  2-5  numbers  for  each  value  presented  in  this  report. 

ESPERBESTkL  RESULTS 

Preparation  of  the  experimental  results  consisted  of: 

(1)  Determining  the  mechanical  properties  from  tensile  and  hard¬ 
ness  test  data  and  listing  of  the  results  of  each  test  in  a 
logical  tabular  form. 
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(2)  Comparing  the  tensile  properties  of  material  subjects  to 
the  various  exposure  and  testing  conditions  with  the  room 
temperature  tensile  properties  of  material  from  the  same 
panel  in  the  “as  received"  condition,  expressing  the  com¬ 
parison  in  terms  of  "percent  of  room  temperature  properties" 
and  listing  a  summarization  cf  this  data  in  a  logical  tabular 
fora. 

(3)  Plotting  summarized  tensile  properties  versus  exposure  time 
for  various  exposure  temperatures  and  testing  temperatures. 

(4)  Plotting  summarized  tensile  properties  versus  exposure  temper 
atures  for  various  exposure  times  and  testing  temperatures. 

(5)  Plotting  the  average  hardness  value  of  each  specimen  tensile 
tested  at  roc*  temperature  versus  tensile  yield  strength  and 
tensile  ultimate  strength. 
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TABLE  I 


SxRAIH  CAUERAIIOS  BATA 


Maxi  •cob 

Szt8553icvcr  Autc^r^piuc  ScCui'ucT  S«7sin  Error  Error 

Displacement  (1)  Separate  Calibrations  in. /in.  Percent 

in./in. 

PSpM  SXTESSCKEISB 


1  2  3 


0.001000 

.00005 

.00002 

.00002 

8.0 

0.002000 

.00013 

.00003 

.00002 

6.5 

0.003000 

.00022 

-.00002 

-.00004 

7.3 

0.00*000 

.00029 

-.00008 

-.00007 

7.2 

0.005000 

.00034 

-.00020 

-.00008 

6.8 

0.006000 

.00039 

-.00012 

-.00007 

6.5 

0.008000 

.00054 

-.00010 

-.00012 

6.7 

PSE-&4S  EXTE5BCKETER 


12  3 


0.0010G0 

.00003 

-.00010 

-.00008 

10.0 

0.0Q20C0 

-.00002 

-.00014 

-.00009 

7.0 

0.003000 

-.00004 

-.00013 

-.00020 

6.7 

O.OOiOCO 

-.00007 

-.00014 

-.00021 

5.2 

0.005000 

-.00006 

-.GOOiS 

-.00009 

3.6 

O.OOcOOO 

-.00006 

-.00021 

-.00016 

3.5 

0.006000 

-.00012 

-.00026 

-.00020 

3.3 

(1)  Sxtenscneter  displacement  was  measured  by  the  difference 
in  length  of  successive  Pratt  and  Whitney  Calibrated 
Gage  Slock  stacks  fro*  a  fixed  reference  plane. 
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TAB 12  II 


LOAD  CALEE5ATIQS  DATA 
5000  LB.,  CAPACITY  TEST  KACHIK3 


Actual 

Load 

Lbs. 


Load  Is^icator  Error  Maxi  run 

Separate  Calibrations,  Lbs.  Error 

Percent 

1  2 


100 

0.0 

0.0 

0.00 

150 

0.0 

0.0 

0.00 

200 

1.7 

-0.8 

0.85 

30C 

-2.0 

-2.0 

0.66 

*00 

1.6 

-2.5 

0.62 

*50 

0.4 

0.* 

0.09 

600 

-3.6 

-5.2 

0.87 

SCO 

1.8 

-6.0 

o.75 

960 

-9.0 

-9.5 

0.97 

1000 

-5.2 

1.7 

0.52 

2000 

9-7 

7.1 

0.48 

2500 

6.0 

5.5 

0.24 

Actual 

Lead 

Autographic  Recorder  Load  Error 
Separate  Calibrations,  Lbs. 

Maxima 

Error 

Lbs. 

1 

2 

3 

4 

5 

6 

Percent 

100 

—0.8 

0.2 

-2.8 

_ * 

___ 

2.8 

150 

8.7 

-0.1 

-0.2 

-1.0 

1.5 

0.5 

5.8 

200 

1.1 

1.9 

-1.* 

1.7 

1.2 

— 

0,9 

300 

6.3 

-0.8 

-3.0 

-3.0 

— . 

— 

2.1 

*00 

1.6 

1.* 

1.1 

-1.5 

— 

-0.1 

0.4 

*50 

8.1 

1.0 

-1.0 

-4.0 

0.9 

0.4 

1.6 

600 

1.3 

-3.2 

-5.0 

-8.8 

-5.5 

-6.7 

1.5 

600 

-4.3 

-5.1 

-3.1 

-2.8 

— 

— 

0.6 

900 

-13.0 

-3-7 

-10.0 

-10.5 

- — 

— 

1.3 

loco 

-5.6 

-0.9 

-10.0 

-16.0 

-5.2 

-6.5 

1.6 

2000 

10.3 

5.0 

-5.0 

11.6 

10.1 

— 

0.9 

2500 

2.0 

-1.5 

-1.5 

0.0 

3.2 

— 

0.1 
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Mechanical  Properties  Determination 


The  mechanical  properties  determined  during  tensile  testing  vere: 

(a)  Modulus  of  elasticity. 

(b)  Proportional  lirdt. 

(c)  Yield  strength  (0.2%  offset). 

(a)  Ultimate  strength. 

(e)  Total  elongation  after  fracture. 


The  modulus  of  elasticity  is  the  slope  or  largest  of  the  secondary  modulus 
portion  of  the  load-strain  record,  divided  by  the  original  cross-sectional  area 
of  the  tensile  specimen.  The  proportional  limit  is  the  upper  lead  at  which  the 
secondary  modulus  deviated  fr on  a  straight  line,  divided  by  the  original  cross- 
sectional  area  of  the  specimen.  The  yield  strength  is  the  load  intercept  with 
the  lead-strain  curve  of  a  line  having  the  same  slope  as  the  secondary  modulus 
but  offset  from  it  to  the  right  by  0.25 P  strain,  divided  by  the  cross-sectional 
area  of  the  specimen. 

Since  the  materials  for  this  program  -ere  alclad  aluminum  alleys,  both 
primary  and  secondary  modulus  slopes  vere  present  vithin  the  elastic  region 
of  che  loed-strain  autographic  records.  The  secondary  modulus  slope  was  chosen 
for  determining  the  modulus  of  elasticity,  proportional  Unit  and  yield 
strength  for  tvo  reasons.  For  the  majority  of  the  tests  the  secondary  modulus 
line  --ns  the  longer,  i.e.  free  one-half  to  four-fifths  of  the  elastic  portion 
of  the  load-strain  graph.  This  longer  line  presented  the  possibility  of  a  more 
accurate  determination  of  the  modulus,  proportional  limit  and  yield.  On  the 
other  hand,  the  load-strain  graphs  characteristically  often  contained  deviations 
or  irregularities  near  the  beginning  of  the  curves  which  nasied  a  true  determi¬ 
nation  of  these  properties. 


Another  characteristic  of  the  load-strain  graphs,  made  it  extremely 
difficult  to  determine  a  modulus  slope,  i.e.  these  tests  of  long  time  and  high 
temperature  exposures  often  resulted  in  load-strait  graphs  that  continuously 
decreased  in  slope  with  increasing  strain.  In  this  case,  any  short  flat 
portion  of  the  curves  that  corresponded  fairly  veil  vith  a  typical  secondary 
modulus  for  the  material  were  utilized  to  represent  it. 


As  the  result  of  the  characteristics  described  above  vhlch  tended  tc 
prevent  determination  of  the  true  modulus  slope  and  since  the  load  and  strain 
errors  of  the  autographic  records  (see  Tables  I  and  U)  are  large  enough  to 
cause  considerable  error  in  the  determination  erf  the  modulus  of  elasticity, 
this  property  should  be  considered  as  an  approximation  only.  However,  the 
yield  strength  shows  little  error  vith  relatively  large  changes  in  the  modulus 
slope  since  the  slope  of  the  curves  at  the  yield  intercept  is  sufficiently 
ssal  2  that  the  lead  shows  little  change  with  variation  of  location  of  intercept. 
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The  ultimate  strength  is  the  maximum  load  each  specimen  withstood  prior 
to  fracture,  divided  by  the  original  cross-sectional  area  of  the  speciaen. 
The  percent  elongation  after  fracture  is  one  hundred  Times  the  difference  in 
the  length  between  two  gage  before  test  and  after  fracture  divided  by 

the  gage  nark  length  before  test. 

Tabulated  Data 


The  tabulated  data  is  presented  as  an  appendix  on  pages  151  through  19 7. 
These  data  are  presented  In  two  types  of  Tables.  First,  a  series  of  tables 
presenting  the  complete  tensile  test  results  of  each  test  specimen  have  been 
prepared.  These  Tables  XXIII  through  XXX IV  also  average  the  results  of  the 
three  or  sore  individual  tests  of  each  alloy  and  test  condition.  Besults  of 
three  tests  are  presented  for  each  alloy  and  test  condition,  except  where 
test  results  have  been  deleted  because  of  exposure  or  testing  difficulties 
and  the  consequent  unreliable  data.  For  this  exception,  these  tensile 
properties  that  were  reliable  free  the  original  three  spec  incus  are  presented 
along  with  the  test  results  of  additional  specimens  to  fill-in  the  Kissing 
properties  on  the  first  three  speciaens. 

The  final  tabulation  of  data,  consisting  of  Tables  XVII  through  XX  in 
the  appendix,  suzmarizes  the  tensile  properties  for  each  alloy  and  test  con¬ 
dition.  In  these  tables  the  tensile  properties  are  presented  for  each  alloy 
and  test  condition  as  the  "average  percent  of  room  temperature  properties". 
Each  value  in  the  table  is  obtained  by  calculating  the  percent  ratio  of  the 
mechanical  properties  of  each  test  specimen  to  the  room  temperature  mechanical 
properties  of  the  "no  exposure"  or  "stock  control"  speciaens  free  the  sane 
panel  and  then  averaging  the  percent  ratios  that  represent  each  discrete 
alloy  and  test,  condition.  This  non-dimensional  procedure  was  utilized  to 
eliminate  the  ncusal  variation  in  mechanical  properties  of  the  materials 
frem  these  suscarized  data  tables. 


uardness  versus  tensile  properties  test  data  are  also  presented  in 
Tables  XXI  and  XXII  for  all  tensile  speciaens  tested  at  rccc  temperature. 


Graphical  Data 


A  graphical  presentation  of  the  sumarized  tensile  properties  of  each 
alloy  end  test  condition  is  shown  in  Figures  2k  through  10 3  of  the  appendix. 
These  graphs  include  plots  of  percent  of  room  temperature  tensile  properties 
versus  exposure  tine  and  percent  of  room  temperature  tensile  properties  versus 
exposure  temperature  for  each  tensile  property,  alloy  and  test  temperature. 

Hardness  versus  yield  strength  and  hardness  versus  ultimate  strength 
graphs  are  presented  in  Figures  104  through  ill  for  both  Rockwell  hardness 
scales  and  both  alloys. 
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AKALYSIS  CF  RESULTS 


The  test  data,  presented  in  this  report  present  over  seventy  test  condi¬ 
tions  for  each  of  the  materials  investigated,  7UJ5-T6  Ale lad  sheet  and  2024-T3 
Ale lad  sheet.  These  data  present  a  challenge  to  develop  general  expressions 
vhich  will  cost  advance  the  knowledge  of  the  elevated  temperature  properties 
of  these  alualmm  alloys  which  are  the  ones  cost  co— ronly  used  in  airframes. 

The  alloys  tested,  7075-To  and  2024-T3,  have  been  known  to  suffer  from 
onver- aging  when  exposed  to  elevated  temperatures.  They  suffer  doubly  free 
elevated  temperature.  Therefore,  it  is  necessary  to  know  the  tine  spent  at 
temperature  as  well  as  the  temperature  in  order  to  evaluate  the  strength 
properties  of  these  materials.  But  select  is  a  service  condition  so  simple 
as  a  given  tine  at  one  teaperature.  Therefore,  it  is  desirable  to  be  able 
to  predict  the  regaining  strengths  of  these  materials  at  any  teaperature, 
within  the  teaperature  range  providing  usable  strength,  after  they  have  been 
exposed  to  any  sequence  of  various  exposure  tires  at  various  temperatures . 

Analysis  of  Basic  Bata 


The  basic  test  data  consist  of  various  single  exposures  (specimens  ex¬ 
posed  to  one  teaperature  for  a  given  time),  then  pulled  as  tensile  coupons 
at  rooms  teaperature ,  200°?,  300°? *  and  UGQ°P.  Data  thus  obtained  include 
marl -=n it  elongation  in  2  inches,  modulus  of  elasticity,  and  proportional 
limit,  but  only  the  ultimate  tensile  stress  and  the  tensile  yield  stress 
data  have  been  analyzed  as  these  are  the  mechanical  properties  which  pro¬ 
vide  load  carrying  ability. 


A  sesi- empirical  analysis  was  utilized  as  ao  generally  accepted  analytical 
method  is  known  to  exist  at  this  time.  The  analysis  is  built  upon  the  rate- 
process  theory  which  has  been  applied  to  such  diverse  processes  as  creep, 
tempering,  and  diffusion  of  metals  and  offers  a  known  method  of  combining 
temperature  and  cine  to  obtain  a  single  parameter  by  which  can  be  measured  the 
degree  of  an  exposure  condition.  This  theory  expresnes  the  rate  at  which  a 
process  cakes  place  as  r  =  Ae_9y**T  ,  where  A  is  a  constant,  Q  is  the 
activation  energy  for  the  material  and  process,  R  is  the  gas  constant  and  T 
is  che  absolute  temperature.  A  simple  tine- temperature  parameter  has  been 
derived  free  the  rate-process  theory  by  F.R.  Larson  and  Janes  Killer,  and  is 
published  in  Transactions  of  ASXE,  July  1552 ,  page  7^5,  "A  Tine-Temperature 
Relationship  for  Rupture  and  Creep  Stresses".  Their  parsreter  has  the  fora 
T  (C  ■*  LCXh  -  t)  ....  where  T  is  the  absolute  teaperature  in  degrees  Rankin* 
and  t  is  the  cime  in  hours.  Preliminary  plotting  of  the  test  data  vs. 

-oH  (20~  LOC^q  t)  gave  excessive  scatter  and  was  therefore  modified  empirically 
co  provide  a  nore  accurate  analysis. 
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a)  Analysis  of  the  Ultimate  Tensile  Stress  of  7075-T6  Alclad  Sheet 


The  ultimate  tensile  stress  data  of  7C75-T6  clad  sheet  were 
first  plotted  as  percent  of  room  temperature  ultimate  tensile  stress 
versus  the  Larson— Hiller  tise-te=p@rature  parameter,  9  =  T0jj  (20  +  LO&j)  ty^) 

This  procedure  resulted  in  only  fair  resulution  of  test  points, 
and  the  plots  are  shown  on  Figure  12  for  the  four  test  temperatures, 

(R.T.,  200°?,  300°?,  and  400°?}.  It  ■sas  observed  that  the  longer  times 
for  a  given  9  are  sore  severe  in  reducing  ?xu  than  the  shorter  time 
ltir.es  indicated  on  Figure  12),  No  theoretical  reason  for  this  has 
been  determined;  however,  as  a  second  step  an  empirical  adjustment  of 
6  was  made*  This  resulted  in  a  modification  of  time  by  the  Is 46  power 
in  the  tl ae-tenperature  parameter,  9,  to  give  9*  =  T-g  (20+1.46  IOGjj 
tjjr.),  Tnis  modified  Larson-Hille  r  time-temperature  parameter  proviaes 
much  better  agreement  with  the  test  data  as  is  readily  apparent  in 
Figure  13  where  the  percent  of  room  temperature  ultimate  tensile 
stress  of  7C75-T6  clad  sheet  is  plotted  against  8*,  the  modified 
time-temperature  parameter*  The  statistical  analysis  given  in  Table 
Iv  snows  that  the  curves  of  Figure  13  fit  the  data  within  plus  or 
sinus  4*75°  of  room  temperature  ultimate  stress  for  approximately 
95e  of  the  test  Sc  (Between  vt28^  are  95 » 5%  of  the  test  points  for 
normal  distributions } 

At  this  point  the  similarity  of  the  curves  of  Figure  13  for  the 
various  test  temperatures  suggested  the  possibility  of  normalizing 
the  data  for  the  four  test  temperatures*  This  was  successfully  done 
by  dividing  the  percent  of  room  temperature  ultimate  stress  values  by 
the  corresponding  percentage  for  the  0d  hour  exposure  at  3009?  at 
each  respective  test  temperature.  The  resulting  normalized  curve  is 
presented  in  Figure  14»  Analytical  expressions  for  the  curve  have 
been  determined  as  follows; 

G  <  16,580  a  =  1,163  e  -0.000010719? 

16,580  <  9’  <  20,230  E  =  44=70  e  -0=000239* 

20,230  <9?  E  =  ,421 

R  "  The  decimal  fraction  of  the  no  exposure  ultimate 
tensile  stress  at  any  given  temperature  which  re¬ 
mains  when  tested  at  this  same  temperature  after 
exposure  of  magnitude  9*  = 

The  0.1  hour  exposure  at  300°?  was  chosen  as  the  basis  for  nor¬ 
malising  the  test  data  versus  9*  because  it  represents  the  unnimvc  ex¬ 
posure  as  measured  by  8*.  It  was  assumed  that  this  0.1  hour  at  300°? 
exposure  does  not  affect  the  ultimate  tensile  stress  of  7075-T6  dad 
sheet  and  thus  the  ultimate  tensile  stress  at  the  test  temperatures 
are  assumed  to  renresent  the  ultimate  tensile  stresses  after  ao 
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TABLE  17 


STATISTICAL  AHALTSIS  OF  ULTIMATE  TEHSHS 
STRESS  OF  7075-T6  ALTLAS  yrmia  6» 


Class 

KidDOiat 


o 

4 

2 

0 

-2 

-4 


1 

3 

6 

15 

26 

11 

2 


4 

3 

<c 

1 

0 

-1 

/I 

— -C 


16 

9 

4 

0 

1 

4 


(w-1)1 


25 

16 

9 

4 

1 

0 

1 


aw 


4 

9 

12 

15 

0 

-11 
-  4 


s/n 


64 


25 


.391 


1.20 


t  =  2  (.391)  =.782 
St  =  2  (1.20)  =  2.40 
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£  fS(s  ^ 


Temporaturu 


• 


lt( 


The  statistical  analysis  given  in  Table  V  shows  that  the 
aorscaliicu  eurvo  fits  apprcri r.'.tely  95%  of  the  test  data  within 
plus  or  nimis  8%  of  the  roan  temperature  ultimate  tensile  stress. 

Analysis  of  the  Tensile  Held  Stress  of  7075-T6  Aiclad  Sheet 

The  tensile  yield  stress  data  of  7CT/5-T6  clad  sheet  were 
first  plotted  as  percent  of  room  temperature  tensile  yield  stress 
versus  the  Larson-HHler  tise-tesperature  parameter,  0  -  T-j.  (2)  1 1.46 
LO&,q  t^.).  This  procedure  produced  results  similar  to  the  results 
of  £he  ultimate  tensile  stress  in  that  wily  fair  correlation  was  ob¬ 
tained.  As  with  the  ultlnatc  tensile  stress  data.,  much  better  con¬ 
sistency  is  obtained  by  using  the  modified  larson-Hiller  tine-temper¬ 
ature  parameter,  ©*  =  T0£  (20  1.46+IOQtq  tj^).  The  percent  of 
root  temperature  tensile  yield  stress  for  7075-T6  clad  sheet  ha* 
been  plotted  against  0*  in  Figure  15.  The  statistical  analysis  cf 
the  correlation  achieved  in  Figure  15  is  given  in  Table  71  and  in¬ 
dicates  that  95%  of  the  data  are  within  4*72  percent  of  room  temper¬ 
ature  tensile  yield  stress  of  the  respective  curves. 

The  plots  in  Figure  15  cannot  be  nearly  so  easily  normalized 
as  that  of  the  ultimate  tensile  stress.  This  is  due  to  the  tensile 
yield  stress  of  7075-T6  clad  sheet  becoming  less  temperature  dependant 
with  increasing  degree  of  exposure  as  measured  by  G*  .  Generalization 
warrants  the  utilisation  of  a  f airly  complicated  normalisation  pro¬ 
cedure.  Therefore,  normalization  was  accomplished  by  dividing  the 
percent  of  room  temperature  tensile  yield  stress  at  the  test  tenper- 
ature  at  exposure  0*  =  14,090  by  the  percent  of  room  temperature 
tensile  yield  stress  after  0*1  bear  at  300°F.  This  provides  the 
desired  normalization  at  G*  *  14-090.  Then  the  divisor  is  varied 
linearly  with  0*  to  provide  no  normalization  at  6*  —  32,690.  The 
value  of  32,690  is  off  the  abscissa,  but  is  the  value  required  tc 
provide  good  normalization.  Kattegat! cally  this  is  expressed  as: 
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TABLE  V 


STATISTICAL  ANALYSIS  (F  5CRKA1IZED  ULTIMATE  TE5SILE 
taihfSAS  G?  7075-T6  ALCLAD  versus  9* 


Class 

Xidpoist 

a 

V 

v2 

(V+')2 

av 

aw2 

a 

2 

4 

16 

25 

A 

32 

6 

3 

3 

c 

16 

9 

27 

*+ 

6 

2 

4 

9 

12 

24 

2 

9 

1 

2_ 

4 

9 

9 

0 

20 

0 

0 

1 

0 

0 

-2 

6 

-1 

1 

0 

-8 

8 

-4 

6 

_2 

4 

1 

-12 

24 

-6 

9 

-3 

9 

L 

•* 

-27 

81 

-3 

5 

-4 

16 

9 

-20 

80 

s  63 
ss 
s2/n 
SSD 

S-.-2 

Sv 

S/n 


-29 

285 

12 

273 

--075 

2-02 

-.427 


t  =  2  (-.427)  =  -  .853 
St  •  2  (2.02  =  4.04 
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Poroont  of  Room  Tompernturo  Tonallo  Yield  !3ti*eoo  of  7075-T6 
Kodlfind  Timo  -  Toraporuturo  Paramoter,  9*  ■  T0n  (20  +  l./»6 
Room  Tonpuraturo ,  SOO°F,  JO 0°F,  arid  AOO°F  Toot  Toiuporatureo 


TABLE  VI 


STATISTICAL  AKALiSIS  G?  TSS3ILS  YIELD  STRESS 
CF  7075-T0  ALCLAD  versus  0 ' 


Class  a  v 

Kiepoint 


0  57  0 

-2  5  -1 

-4  2  -2 

-6  1  -3 


v2 

(v*L)2 

av 

av2 

a(v« 

io 

25 

4 

16 

25 

0 

16 

6 

18 

32 

1 

9 

16 

32 

72 

1 

L 

•T 

7 

7 

28 

0 

1 

0 

0 

37 

1 

0 

-5 

5 

0 

4 

1 

-4 

8 

2 

9 

u 

T 

-3 

Q 

4 

s  63 
ss 


SSD 

Sv2 

5v 

S/a 


21 

95  200 

7  112 

“53  35 

1.119 

1  1C 

— ■  “—V 

-333 


1-2  (.333)  =  .667 
St  -  2  (1-19  .  =  2.33 
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O  0J 


R 


7  +  (100-y) 


\  13,600  / 

where  R  =  The  decimal  fraction  of  the  no  exposure  tensile 
yield  stress  at  any  given  teaperature  l&Lch  re¬ 
asons  i&en  tested  at  this  saxae  teaperatnre  after 
exposure  of  magnitude  6* . 


x  =  The  percent  of  rood  temperature  tensile  yield 
stress  at  the  test  temperature  after  being  ex¬ 
posed  to  elevated  temperature. 

y  —  The  percent  of  rocc  temperature  tensile  yield 
stress  at  the  same  test  temperature  as  for  x 
after  having  been  exposed  to  C.l  hour  at  300°?. 

O’  *  The  Modified  Larson-Miller  parameter  0*  »ToR 
(20+1.46  tv)  calculated  for  the  ex¬ 

posure  condition  which  determined  x. 


As  with  the  nit  irate  tensile  stress  data,  the  0.1  hour  at  300°F 
exposure  was  assumed  to  be  the  saae  as  no  exposure.  This  assumption 
is  not  quite  so  good  for  the  tensile  yield  stress  data  as  for  the  ulti¬ 
mate  tensile  stress  data,  but  does  not  invalidate  the  assuxption.  Tbs 
tensile  yield  stress  data  are  presented  below  for  the  C.l  hour  at  300°F 
exposure  and  no  exposure.  The  biggest  discrepancy  is  seen  to  be  52>  at 
the  300°?  test  temperature. 

Tgst  .  Temperature  %  R.T.  Tensile  Held  Stress 

Prl  fcoUT  ftt  3PP°?  l*o  .Sjgosure 


■  \*.£' *■  v  i  fi-T'- 

Analytical  egressions  for  the  normalized  curve  of  tensile  yield 
stress  data  for  7075-76  Alclad  sheet  have  been  deusmioed  as  follows: 


©»  <  16,700 

E  =  1.27  e  -0.0000167©* 

26,700  <  6*  <  20,400 

R  -  223.3  e  -0*000327©* 

20,400  £  9- 

E  =  1,541  3  -0,0000323©* 
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TA3L2  VII 


STATISTICAL  AJtALYSIS  (F  KCSMA1IZED  TS5SIIS  iTSID 
STRESS  Q?  707 5- To  ALCLAD  versus  ©  ’ 


Class  a  5 

Midpoint 

7-5  -2  5 

x  r>  o  ii 

;:S  a  s 

3.0  i  2 

1.5  il  1 

c  13  0 

-1.5  11  -l 

-3-0  5  -2 

-4.5  2  -3 

-6.0  1  -4 

-7-5  3  -5 

—9.0  0  -6 

-10.5  o  -7 

-12.0  l  -3 


s  52 

ss 

S2/n 


SSD 


(v+ir 

aw 

av- 
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36 

10 

50 

16 

25 

6 

32 
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16 
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ii 
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S 
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i. 
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-11 

11 
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-T 
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-10 

20 

a 

i, 

“T 

S 

-0 

16 

io 
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-4 

16 

25 

16 

-15 

75 

36 

25 

0 

0 

49 

36 

0 

0 

64 

49 

-  8 

64 

-23 

301 

lO 


291 


-.442 


1.5  (-442)  =  -.663 
1-5  (2-39  =  3-5o 
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Tbs  curve  so  defined  fits  the  tests  points  within  7 %  approxi¬ 
mately  95%  of  the  time*  This  method  provides  slightly  greater  ac¬ 
curacy  for  tensile  yield  stress  of  7075-T6  alclad  sheet  than  that 
for  the  ultimate  tensile  stress  of  7075-T6  alclad  sheet. 

c)  Analysis  the  Ultimate  Tensile  Stress  of  2024-T3  Alclad  Sheet 

First,  the  percent  of  room  temperature  ultimate  tensile  stress 
data  of  2G24-T3  alclad  sheet  were  plotted  against  the  lars  on-Miller 
time  temperature  parameter,  9  =  TQ^  r  LOG^q  thr.)»  As  with  the  7075- 
T6  data,  this  parameter  was  found  lacking  the  desired  degree  of 
correlation*  Next,  the  percent  of  room  temperature  ultimate  tensile 
stress  data  of  2024-T3  irere  plotted  versus  the  modified  Larson-Miller 
parameter,  9*  =  T0=  (20  4  1.16  LOC-^q  tvsre)  on  Figure  17.  Disap¬ 
pointingly,  9T  does  not  provide  the  desired  fit  to  the  experimental 
points  as  is  apparent  in  Figure  17.  A  statistical  analysis  was  made 
to  check  the  general  usefulness  of  0T  and  it  is  presented  in  Table 
VTIIe  This  analysis  includes  the  test  data  for  both  7075-T6  and 
2G24-T3,  ultiaated  and  yield  stresses*  The  results  indicated  that 
9f  is  very  marginal  as  to  general  ability  to  fit  the  test  data  for 
both  properties  of  both  materials.  As  S’  provided  an  acceptable  fit 
for  7075-T6  property  data,  it  was  concluded  that  6’  does  not  fit  the 
2G24-T3  test  data  satisfactorily*  This  led  to  another  modification 
of  the  larson-Siller  parameter. 


Study  of  the  results  achieved  utilizing  9  and  9*  indicated 
that  the  desired  modification  of  9  which  would  prove  satisfactory 
for  20C4-T3  test  data  must  be  sase  ccnprcen.se  of  9  and  9*.  The 
modification  of  0  which  was  determined  to  best  fit  the  2021-13  test 
data  is  6"  =  TqO  (20 -el. 3  L0G]jq  tjjr.)*  The  plot  of  the  percent  of 
rc-s  temperature  ultimate  tensile  stress  data  for  2024-T3  alclad 
sheet  against  9 11  =  (20 -r  1*3  LOG^q  twe)  is  presented  in  Figure 

IB.  The  statistical  analysis  of  this  plot  is  presented  in  Table  X 
and  reveals  that  approximately  95%  of  test  points  lay  within  6%  of 
the  respective  curves* 

The  first  effort  towards  normalization  of  the  ultimate  tensile 
stress  <feta  of  2C24-T3  was  straight  normalization.  That  is,  the 
percent  of  room  temperature  ultimate  tensile  stress  at  temperature 
X  after  exposure  1  is  divided  by  the  percent  of  rocc  temperature 
ultimate  tensile  stress  at  temperature  X  after  0.1  hour  exposure  at 
300°F.  The  results  of  such  a  normalization  procedure  indicated  that 
the  test  points  at  smaller  0n  values  were  not  normalized  enough  and 
at  larger  9n  values  the  test  points  were  normalized  too  much.  There¬ 
fore,  the  ultimate  tensile  stress  data  of  2G21-T3  were  normalized 
about  3n  =  17,200  with  the  results  as  shown  in  Figure  19.  Mathema¬ 
tically,  this  normalization  is  written  as: 

a  = - * - 

y  -  (lOC-y)  {  17.20Q  -3”  ) 

V  8730  / 
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TABLE  VIII 

STATISTICAL  ANALYSIS  0?  ULTIMATE  TESSILE  STRESS  AHD 
TE2SILS  YIELD  STRESS  OF  7075-To  AED  2024-T3 
VERSIS  9  *=  ^(20+1.36  LOG10  )  * 


Class 

Midpoint 

a 

■f 

.S 

m — 

(v*l)2 

aw 

av< 

12 

1 

6 

36 

49 

6 

36 

10 

~ 

5 

23 

36 

20 

100 

8 

7 

4 

16 

25 

28 

112 

6 

12 

3 

Q 

✓ 

16 

33 

$9 

I* 

29 

2 

Q 

58 

116 

2 

^5 

1 

1 

4 

45 

45 

0 

103 

0 

0 

1 

0 

0 

-2 

43 

-1 

1 

0 

-43 

43 

-4 

9 

-2 

4 

1 

-18 

56 

-6 

8 

-3 

9 

4 

-24 

72 

-8 

6 

-4 

16 

9 

-24 

96 

-10 

1 

-5 

25 

16 

-5 

25 

-12 

5 

-6 

36 

25 

-30 

180 

-14 

2 

-7 

49 

36 

-14 

98 

-16 

3 

-8 

64 

49 

-24 

192 

-18 

0 

-9 

81 

64 

0 

0 

-20 

1 

-10 

100 

81 

-10 

100 

S 

SS 

S2/n 

SSD 

278 

-34 

-  2 

1350 

0 

1350 

.00719 


t  =  2(. 00719  ) 

St=2(  2.21  ) 


=  .01439 

-  4.42 


4»8S 

2.21 
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1000  as, 9^0 


Kiguro  10.  P*roent  of  Room  Tunporature  Ultimate  Tnnoilo  Stress  of  2084- T3  Alclad  versus  llodifiod 
Tiir.0  -  Temperature  Parameter,  ©*» »  To[{  (20  +  1.3  logio  thr.)  for  Room  Temperature, 
200® P ,  300°F,  and  400°F  Tost  Temperatures . 


TABLE  X 


STATISTICAL  AHALX5IS  <F  ULTIMATE  TENSILE 
STFESS  <F  2024-T3  ALCLAD  VERSUS  9*  ’ 


Class 


Midpoint 

a 

V 

*2 

(w+D2 

av 

9 

1 

0 

■/* 

81 

IDO 

9 

8 

0 

8 

64 

81 

V? 

7 

0 

7 

t 

4$ 

64 

w 

6 

2 

6 

36 

49 

12 

5 

2 

5 

25 

36 

10 

4 

2 

4 

16 

25 

0 

3 

3 

3 

Q 

/ 

16 

9 

2 

8 

2 

• 

c 

✓ 

16 

1 

0 

✓ 

1 

I 

4 

9 

0 

20 

0 

0 

i 

0 

-1 

0 

-1 

1 

-9 

-2 

4 

-2 

4 

1 

-8 

-3 

3 

-3 

0 

s 

X. 

“T 

_Q 

-4 

2 

-4 

16 

9 

-8 

-5 

3 

-5 

25 

16 

-15 

-6 

2 

-6 

36 

25 

-12 

-7 

1 

-7 

4$ 

36 

-7 

-8 

1 

-8 

64 

49 

-8 

s 

72 

-3 

ss 

S2/n 

SCO 

S-2 

Sv  =  St  3.( 

S/b  =  t  -.04l67 
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TABLE  SI 


Statistical  Analysis  of  Sorral i zed  Ultimate  Tensile 
Stress  of  202^-T3  Ale lac  versus  6  * 8 


Class 

54idpoiirc 

o 

V 

V2 

(v+1)2 

*aVT 

av2 

a(v*l) 

12 

1 

6 

3° 

^9 

6 

36 

29 

10 

0 

5 

25 

36 

c 

0 

0 

8 

X 

16 

25 

x 

16 

25 

6 

■3 

_» 

16 

a 

27 

s 

•» 

o 

2 

9 

18 

36 

81 

2 

15 

2 

- 

15 

15 

60 

0 

15 

0 

1 

0 

0 

— V' 

_o 

a 

_i 

— 

0 

-0 

9 

0 

-I 

-  -% 
ij 

_2 

1 

x 

-26 

52 

13 

-6 

3 

-3 

c 

h 

-a 

* 

27 

12 

-8 

_K 

16 

9 

-4 

16 

a 

* 

-10 

1 

— 

■S’ 

25 

16 

-5 

25 

16 

-12 

X 

-6 

36 

25 

-6 

36 

25 

S 

72  -7 

ss 

255 

353 

S^n 

1 

-22 

SSD 

29* 

25^ 

Slf2 

K.ih 

S» 

2.03 

S/n 

-.0 572 

t  =  2  f.0972)  -  -.19^ 

St  «  2  (  2.03)  «  h.oS 


where  2 


=  Tee  decimal  fraction  of  the  no  exposure  ultimate 
tensile  stress  at  any  siren  temperature  vhict 
resins  ■•'hen  tested  at  this  same  temperature 
after  exposure  of  magnitude  Ga. 

x  *  The  percent  of  root:  temperature  ultimate  tensile 

stress  at  the  test  temperature  after  being  exposed 

-"J - -3.  —  -3  J - - i — 

w  cACvcbCti 

y  =  The  percent  of  room  temperature  ultimate  tensi?e 
stress  at  the  same  test  temperature  as  for  x 
after  no  exposure. 

Gn  =  The  modified  larscn-HLller  uarsmeter  8i!  v~- 
(20  1.3  LOC-uo  "hr.>- 


Ctely  fair  norsalization  ■was  thus  achieved,  the  range  vital  a  which 
approximately  955  of  the  tests  fall  having  been  increased  to  8&  of  the 
rcoc  temperature  ultimate  tensile  stress. 


In  the  first  normalisation,  the  assumption  was  marie  that  G»1  hour 
exposure  at  3C0°F  does  not  appreciably  change  the  material  properties. 
This  assumption  was  satisfactorily  checked  by  the  no  exposure  tests  as 
tabulated  below. 

Test  Temperature  %  2.T,  Tfnajjle  Stress  2024-T3 

0.1  hour  at  300°?  So  fypasnre 

H.Te  99.1  300 

200°?  92.4  95.25 

300°?  83.4  64-5 

400°?  76.6  ?5.6 

The  greatest  difference  exists  at  the  200°F  test  temperature 
and  amounts  to  only  2.85%  of  rocc  tetrperatixre  ultia.te  tensile  stress. 

a)  Analysis  of  the  Tensile  Held  Stress  of  2024-T3  Alclad  Sheet 

4s  stated  in  (c)  above,  the  tensile  yield  sires?  data  of  2024-73 
was  included,  in  the  analysis  evaluating  the  modified  larson-i&ller 
parameter  8a  ?oS  (20x1.46  LOG-^q  ).  The  p?.ct  of  percent  roo® 
tesperaiure  tensile  yield  stress  against  ©**  is  presented  in  Figure  21. 
Again,  as  with  the  ultimate  tensile  stress  data  of  2024-73  the  parameter 
8’  does  not  give  the  desired  agreement  among  the  various  exposures. 

The  modified  larson-Milier  parameter  8”  =  T  g  (20—1.3  I£&jjo 
tv_,  )  gives  better  resolved  curves  than  did  9*.  The  statistical  analysis 
presented  in  Table  HI  shews  that  tie  curves  in  Figure  22  are  within  IS 
of  approximately  95%  of  the  te*  points. 
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Tw.iporut.uro  Tonnile  YioM  Stress  of  20SA-T3  Alolncl  veruuti  !!o<lifimt  Tiiae 
,1'AraUr,  e>  «  Ton  (20  ♦  l./»6  lo«io  fchr.)  Cor  To.Mporaturo,  200 of 
'  Toot  Terapuruturo*. 


Normalisation  of  the  tensile  yield  stress  data  is  indicated 
in  Figure  23.  Normalisation  in  this  case  has  been  achieved  as 
follows: 


t-  (lOO-vj  22.910  - 
v  17,460 


where  H  =  The  decimal  fraction  of  the  no  exposure 

tensile  yield  stress  at  any  given  temper¬ 
ature  which  remains  when  tested  at  this 
sane  temperature  after  exposure  of 
magnitude  3n» 

z  —  The  percent  of  rocs  temperature  tensile 

yield  stress  at  the  test  temperature  after 
being  exposed  to  elevated  temperature. 

7  =  The  percent  of  rocc  temperature  tensile 

yield  stress  at  the  same  test  temperature 
as  for  x  after  no  exposure. 

3n  =  The  modified  larscn-Killer  carameter  3"  = 

Tor  (20-1*3  T01]uq  thr.)  calculated  for 
the  exposure  condition  which  determined  x. 

Although  greater  generalisation  resulted  fron  the  moirsliaat ion 
procedure,  accuracy  *as  lost  to  the  degree  that  the  range  to  include 
approximately  95?>  of  the  test  points  is  d  St  of  the  room  temperature 
tensile  yield  stress.  The  assumption  that  0.1  hour  exposure  at  3C0°F 
is  the  sane  as  no  exposure  is  valid  with  the  exception  of  the  tests 
cade  at  200°F.  The  table  below  tabulates  the  test  data  for  0.1 
boar  exposure  at  300°r  test  data  for  the  2024-13  tensile  yield  stress 


structural  CGEponeuts  oz  aircraft  are  not  exposed  to  simple  time  — 
temperature  exposures  such  as  analysed  in  the  previous  section.  Instead, 
parts  of  airplanes  are  exposed  to  various  temperatures  for  varying  lengths 


USC  TE  >£m>35 


min  !!otlifiod 


T«ia|>opftturo  Aftep  no  Rxpotmpn  ■*  X<*  Vornun  lloiiifiod 


of  tines.  The  sum  of  the  individual  times  at  each  temperature  is  then 
looked  upon  as  the  exposure  experience  of  the  aetal.  It  is  desirable  to 
evaluate  what  such  a  time  temperature  spectrum  will  do  to  the  strength 
properties  of  the  material,  and  to  do  so  in  terms  of  the  simple  exposure 
test  data. 


It  is  a  simple  calculation  to  determine  the  equivalent  01  or  ©t  for 
any  sequence  of  exposures.  The  procedure  for  calculation  of  ©t,  for 
example,  of  any  sequence  of  exposures  at  temperatures  T^,  T2,  ...... Tc 

for  times  t^,  t2,  .....  respectively,  is  susaarized  as  fellows: 

1.  Choose  a  reference  temperature  Tr 

2.  Calculate  ©*  S»  .....  9* 

1*  2,  n 

3.  Determine  trl t  tr2  .....  tr^  the  time3  at  Tr  which  would 

give  ©£,  ©^  .....  ©^  respectively. 

tr^  *  antilogy  ©*  -  20 


1.46 

4.  Add  t_  t^.  .....  t_  to  obtain  t_  the  total  effective 

*■  1n  * 

times  at  Tr  which  gives  the  equivalent  9£  for  the  given 
sequence  of  exposures. 

5.  Calculate  ©I  =  T_  (20-1.46  10C-in  t_  ).  9J  is 

u  ^o2  -LXJ  -‘nr.  t 

independent  of  the  value  chosen  for  Tr. 

The  above  procedure  will  be  evaluated  by  comparison  with  the  sequential 
exposure  test  data. 

a)  Analysis  of  the  Ultimate  Tensile  Stress  of  7C75-T6  Alclad  Sheet 

The  values  of  the  modified  isrsca-Xiller  parameter  8’  for  the 
nine  sequential  exposures  are  indicated  with  their  respective  ti*e 
temperature  spectrum  in  Table  XIV.  The  first  five  spectra,  although 
providing  good  agreement  between  calculated  values  for  the  percent 
of  room  temperature  ultimate  tensile  stress  and  those  obtained  by 
tests,  mast  not  be  considered  as  indicative  of  the  accuracy  of  the 
analysis. 


The  reason  for  qualifying  these  results  is  due  to  the  fact  that 
the  highest  temperature  of  each  sequence  dominates  the  respective  tr. 
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TAULci  AIV 

SF  JUi’iiTI  AL  EXPOSURE  OF  7075-T6  ALOUD 


Sequential  Kxposure 

Test. 

•S  R.T 

•  Fty 

After 

iitpos . 

%  R.T 

•  Ftu 

After 

lie;. on. 

e» 

Tir.c  and 

Temperature 

Temp. 

Comal  i'.ed 

Test 

Normalized 

Test 

>  irst 

Second 

Third 

Fourth 

°F 

Indiv. 

R 

,0 

Indiv. 

R 

1  hr. 

10  hr. 

4C0°F 

300°? 

a.T. 

83.7 

.883 

88.0 

79.8 

84.8 

.845 

84.1 

84.1 

17 

,-'-'50 

400 

300 

200 

76.1 

.883 

82.4 

76.5 

73.4 

.845 

76.8 

73.0 

400 

300 

300 

69.0 

.883 

72.4 

66.2 

60.8 

.845 

61.0 

58.6 

400 

300 

400 

53.2 

.883 

58.3 

52.6 

48.4 

.845 

46.5 

46.O 

1  hr. 

10  hr. 

100  hr. 

400°  F 

3C0°F 

250°F 

R.T. 

33.4 

.835 

83.2 

79.4 

84.4 

.835 

83.2 

83.0 

17 

J!00 

400 

300 

750 

200 

75.7 

.835 

77.9 

76.9 

72.9 

.835 

74.8 

72.7 

400 

300 

250 

300 

68.7 

.835 

68.8 

66.5 

60.1 

.835 

60.2 

58.8 

400 

3  CO 

750 

400 

53.1 

.835 

56.3 

53.1 

47.6 

.835 

46.0 

46.7 

1  hr. 

10  hr. 

50C°F 

400°F 

R.T. 

37.7 

.394 

39.3 

37.5 

54.0 

.530 

52.8 

54.1 

19 

,360 

500 

400 

200 

36.2 

.394 

37.2 

37.0 

48.7 

.530 

47.5 

46.9 

500 

400 

300 

34.1 

.394 

33.4 

34.7 

34.8 

.530 

38.2 

33.9 

500 

400 

400 

29.0 

.394 

27.9 

29.3 

25.9 

.530 

29.1 

25.4 

1  hr. 

10  hr. 

100  hr. 

5CC°F 

400 °F 

O 

O 

O 

R.T. 

37.6 

.392 

39.1 

38.7 

53.7 

.524 

52.3 

53.7 

19 

,380 

500 

400 

300 

200 

36.0 

.392 

37.0 

37.7 

48.4 

.524 

47.1 

45.7 

500 

400 

300 

300 

34.0 

.392 

33.3 

35.0 

34.7 

.524 

37.8 

33.1 

,00 

400 

300 

400 

28.9 

.392 

27.8 

29.1 

25.8 

.524 

28.8 

25.3 

1  hr. 

10  hr. 

100  hr. 

1000  hr. 

500°  F 

4C0°F 

300 °F 

250 °F 

R.T. 

37.4 

.389 

38.8 

38.4 

53.5 

.521 

51.9 

53.4 

19 1 

,400 

500 

400 

300 

250 

200 

35.8 

.389 

36.7 

36.9 

48.2 

.521 

46.7 

45.0 

500 

400 

300 

250 

300 

33.8 

.389 

33.0 

34.1 

34.5 

.521 

37.5 

32.5 

500 

400 

300 

250 

400 

28.8 

.389 

27.5 

29.0 

25.6 

.521 

28.6 

25.2 

1  hr. 

4.8  hr. 

27.6  hr. 

191.7  hr 

• 

380°F 

340°F 

300°F 

260°F 

R.T. 

79.8 

.792 

78.9 

80.7 

80.9 

.794 

79.2 

82.5 

17, 

,540 

380 

340 

300 

260 

200 

71.7 

.792 

74.0 

79.2 

68.8 

.794 

71.2 

72.1 

380 

340 

300 

260 

300 

65.5 

.792 

65.6 

72.9 

55.1 

.794 

57.2 

62.4 

380 

340 

300 

260 

400 

50.6 

.792 

52.8 

5«.4 

42.2 

.794 

43.7 

50.4 

1  hr. 

4.5  hr. 

23.4  hr. 

145.1  hr 

• 

420°  F 

380°F 

340°F 

300°F 

R.T. 

57.3 

.599 

59.8 

56.2 

65.5 

.656 

65.4 

65.6 

18, 

370 

420 

3eo 

340 

300 

200 

54.1 

.599 

56.2 

53.7 

55.9 

.656 

58.8 

55.3 

420 

380 

340 

300 

300 

48.3 

.599 

50.1 

49.5 

42.8 

.656 

47.2 

43.2 

420 

380 

340 

300 

400 

39.8 

.599 

41.1 

38.3 

34.8 

.656 

36.1 

33.8 

1  hr. 

4.2  hr. 

20.2  hr. 

113.4  hr 

0 

460°F 

420°F 

380°F 

300°F 

R.T. 

39.8 

.412 

41.1 

41.8 

55.0 

.547 

54.5 

56.2 

19, 

210 

460 

420 

380 

300 

200 

38.4 

.412 

38.8 

41.1 

49.5 

.547 

49.1 

47.9 

460 

420 

380 

300 

300 

35.9 

.417 

34.8 

38.5 

36.0 

.547 

39.4 

34.7 

460 

420 

380 

300 

400 

30.4 

.412 

29.0 

32.8 

27.0 

.547 

30.1 

28.0 

1  hr. 

4.0  hr. 

17.5  hr. 

90.5  hr. 

500°  F 

460°F 

4.''0°F 

3<’0°F 

R.T. 

31.2 

.336 

33.5 

30.8 

50.1 

.462 

46.1 

48.2 

20, 

040 

500 

460 

420 

380 

200 

30.0 

.336 

31.8 

29.6 

45.0 

.462 

41.4 

43.4 

500 

460 

420 

380 

300 

28.7 

.336 

28.8 

29.2 

30.6 

.462 

33.3 

30.3 

500 

460 

420 

380 

4  (JO 

74.6 

.336 

34.3 

25.3 

21.8 

.462 

25.4 

OO  O 

•  •. 
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Put  core  bluntly,  the  first  five  sequences  differ  but  slightly  frca 
a  single  exposure  environment.  It  is  not  surprising,  therefore, 
that  tns  percent  of  rocn  temperature  ultimate  tensile  stress  of 
70 75-”6  calculated  utilizing  the  individual  curves  of  Figure  23 
and  the  normalized  curve  of  Figure  14  correlate  Kith  the  test  re¬ 
sults  to  a  degree  comparable  to  the  single  exposure  tests  points 
themselves. 

The  last  four  sequential  exposures  are  such  that  each  temper¬ 
ature  of  t-he  spectra  provides  equal  contribution  to  t-  and  are  as 
true  sequential  exposures  as  are  possible  when  consisting  of  only 
four  individual  exposures.-  Also,  these  last  four  sequential  ex¬ 
posures  are  in  the  range  of  ©’,  where  E  is  changing  the  most  rapidly. 
This  increases  the  aeanfulness  of  the  agreement  between  the  calcu¬ 
lated  values  of  percent  room  teaperat'nre  ultimate  tensile  stress  and 
the  test  results.  The  agreement  achieved  utilizing  the  individual 
curves  of  Figure  13  say  be  appraised  by  the  average  error  which  is 
only  2%  of  the  room  temperature  ultimate  tensile  stress.  The  largest 
error  is  8C2%.  when  the  normalised  curve  of  Figure  14  is  used,  an 
average  error  of  slightly  less  than  3%  of  the  rocsa  temperature  ulti¬ 
mate  tensile  stress  is  obtained.-  And  the  greatest  error  obtained  is 
6.7%.  These  data  are  tabulated  in  Table  IVI. 

b)  Analysis  of  the  Tensile  Held  Stress  of  7075-16  Alclad  Sheet 

The  values  of  the  modified  Larson-Hiller  parameter  ©I  for  the 
nine  sequential  exposures  are  listed  with  their  corresponding  time 
temperature  spectrum  in  Table  117.  As  was  pointed  out  in  (a)  above, 
the  first  five  exposures  provide  very  good  agreement  between  calcu¬ 
lated  values  and  tests  results.  But  these  results  are  not  to  be 
considered  as  any  more  than  further  substantiation  of  the  accuracy 
of  the  curves  in  predicting  the  single  exposure  behavior  of  7075-T6. 
It  Is  worth  reiterating  that  the  last  four  sequential  exposures  are 
as  severe  in  checking  the  validity  of  the  method  of  calculation  as 
any  four-step  sequential  exposure  can  be.  The  substantiation  ob¬ 
tained  from  thsse  four  Sequential  exposures  is,  therefore,  considered 
extremely  indicative  of  the  correctness  of  the  procedure  utilized. 

The  average  error  between  the  values  calculated  froa  the  individual 
curves  and  the  test  values  of  the  last  four  sequences  of  Table  U¥ 
is  2.6%  of  the  room  temperature  tensile  stress,  when  the  normalised 
curve  is  used  to  obtain  the  calculated  values,  this  average  error  is 


c„  Analysis  of  the  ultimate  Tensile  Stress  of  2024-13  Alclad  Sheet 

The  nine  sequential  exposure  values,  0TT,  for  2024-13  alclad 
sheet  are  tabulated  in  Table  X*  with  their  respective  time  temper¬ 
ature  spec! run o  Again,  as  with  the  7075-16  sequential  tests,  the 
first  five  sequences  are  of  no  value  in  evaluating  the  method  for 
calculating  the  mechanical  properties  after  a  sequence  of  exposures. 
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TABLE  XV 


SEQUENTIAL  EXPOSURE  OF  2024-T3  ALCLAD 


6' 

Sequential  Exposure 

Test. 

%  R.T.  F^y  After  Expos. 

%  R.T 

.  Ft.i  After  Expos. 

Tine  and  Temperature 

Temp. 

Normalized 

Test 

Norma 

lized 

Test 

First 

Second 

Third 

Fourth 

°F 

Indiv, 

.  R 

* 

Indiv. 

R 

% 

1  hr. 

10  hr. 

19,300 

500 °F 

4CO°F 

R.T. 

103.4 

1.031  103.1  105.5 

88.0 

.862 

86.2 

87.5 

500 

400 

200 

100.0 

1.031 

102.1  103.2 

81.8 

.862 

81.1 

80.5 

500 

400 

300 

95.6 

1.031 

97.3 

95.4 

70.2 

.862 

69.6 

68.8 

500 

400 

400 

85.9 

1.031 

84.9 

83.7 

57.6 

.862 

60.3 

57.7 

1  hr. 

10  hr. 

100  hr. 

500°F 

400°F 

300°F 

R.T. 

103.2 

1.029 

103.2  106.7 

87.9 

.861 

86.1 

87.8 

19,310 

500 

400 

300 

200 

99.8 

1.029 

101.8  103.8 

81.7 

.861 

81.0 

80.4 

500 

400 

300 

300 

95.4 

1.029 

97.0 

93.1 

70.1 

.861 

69.5 

68.2 

500 

400 

300 

400 

85.7 

1.C29 

84.8 

81.3 

57.5 

.861 

60.2 

56.7 

1  hr. 

10  hr. 

600°F 

500°F 

R.T. 

53.6 

.561 

56.1 

60.0 

63.2 

.669 

66.9 

66.3 

21,350 

600 

500 

200 

52.2 

.561 

55.4 

56.3 

58.3 

.669 

62.2 

61.8 

600 

500 

300 

48.6 

.561 

52.4 

53.5 

52.3 

.669 

51.6 

50.8 

600 

500 

400 

44.4 

.561 

44.6 

48.8 

38.0 

.669 

43.0 

38.4 

1  hr. 

10  hr. 

100  hr. 

600°F 

500 °F 

400 °F 

R.T. 

53.0 

.554 

55.4 

56.4 

62.9 

.663 

66.3 

62.3 

21,370 

600 

500 

400 

200 

51.6 

.554 

54.8 

51.2 

58.2 

.663 

61.6 

54.9 

600 

500 

400 

300 

48.2 

.554 

51.7 

49.4 

52.2 

.663 

51.1 

46,4 

600 

500 

400 

400 

44.2 

.554 

44.1 

46.4 

37.9 

.663 

42.6 

37.5 

1  hr. 

J.0  hr. 

100  hr. 

1000  hr. 

600°F 

500°F 

400°F 

300 °F 

R.T. 

52.8 

.552 

55.2 

60.6 

62.8 

.662 

66.2 

65.1 

21,380 

60C 

500 

400 

300 

200 

51.4 

.552 

54.1 

56.4 

58.1 

.662 

61.5 

57.0 

600 

500 

400 

300 

300 

48.0 

.552 

51.6 

54.3 

52.1 

.662 

51.0 

49.4 

600 

500 

400 

300 

400 

44.0 

.552 

43.9 

49.7 

37.8 

.662 

42.4 

39.7 

1  hr. 

5  hr. 

30  hr. 

219  hr. 

L65°F 

420°F 

375°F 

330°F 

R.T. 

115.3 

1.130  113.0  127.2 

92.4 

.902 

90.2 

99.0 

18,880 

465 

420 

375 

330 

200 

111.1 

1.130  111.9 

118.8 

86.0 

.902 

80.7 

88.9 

46s 

420 

375 

330 

300 

104.2 

1.130  106.8  108.9 

73.9 

.902 

73.5 

76.5 

465 

420 

375 

330 

400 

92.8 

1.130 

93.9 

95.9 

61.8 

.902 

64.0 

64.2 

1  hr. 

4.6  hr. 

25.2  hr. 

164.0  hr. 

510°F 

465°F 

420°F  . 

.  375°F 

R.T. 

89.0 

.916 

91.6  101.6 

82.3 

.807 

80.7 

86,6 

19,810 

510 

465 

420 

375 

200 

86.2 

.916 

90.6 

92.0 

75.7 

.807 

75.8 

75.6 

510 

465 

420 

375 

300 

81.8 

.916 

86.2 

83.8 

65.5 

.807 

64.4 

63.1 

510 

465 

420 

375 

400 

74.5 

.916 

74.7 

74.6 

52.2 

.807 

56.3 

52.1 

1  hr. 

4.3  hr. 

21.5  hr. 

126.1  hr. 

555°F 

510°F 

465°F 

420°F 

R.T. 

66.1 

.699 

69.9 

68.2 

70.2 

.718 

71.8 

69.4 

20,750 

555 

510 

465 

420 

200 

64.0 

.699 

69.2 

65.3 

64.6 

.718 

67.0 

62.8 

555 

510 

465 

420 

300 

60,0 

.699 

65.4 

61.1 

57.1 

.718 

56.2 

52.0 

555 

510 

465 

420 

400 

55.0 

.699 

56.2 

55.6 

42.3 

.718 

47.3 

42.7 

1  hr. 

6.0  hr. 

16.6  hr. 

99.6  hr. 

6OO0F 

5550F 

510°F 

465°F 

R.T, 

47.0 

.469 

46.9 

51.7 

59.3 

.635 

63.5 

61.8 

21,760 

600 

555 

510 

465 

200 

45.6 

.469 

46,4 

43.3 

55.0 

.635 

58.8 

52.2 

600 

555 

510 

465 

300 

42.3 

.469 

43.7 

43.5 

49.3 

.635 

48.5 

44.4 

600 

555 

510 

465 

400 

38.7 

.469 

37.1 

39.2 

35.7 

.635 

40.1 

33.8 
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Visual  appraisal  of  tc$  r^^ults  of  the  first  five  sequential  tests 
anc  the  calculated  values  indicates  that  the  agreement  is  not  as 
rood  as  that-  of  the  cosjpay^ble  7075-T6  values*  But,  it  is  judged 
that  the  agreement  bebWafiti  the  calculated  values  and  the  respective 
test  results  for  the  first  five  sequential  exposures  of  Table  2V 
are  in  close  agreement  with  the  single  exposure  results. 

The  last  four  sequent isl  exposures  appearing  in  Table  2V  pro¬ 
vide  a  valid  check  of  the  -s^tfcod  of  calculation  of  the  a  ;ha aa  cal 
properties  after  exposure*  These  results  shcnr  an  average  error  of 
2.o%  when  the  calculated  Values  are  based  on  individual  curves  of 
Figure  IS.  *hen  the  nOicajiz-ed  curve  of  Figure  19  is  the  basis 
for  the  calculated  values  then  the  average  difference  is  4.1%. 

The  difference  between  tb-^e  two  525312  deviations  is  cosoarable 
to  the  difference  between  tbs  average  errors  for  the  single 
exposure. 

d)  Analysis  of  tbs  Tensile  TielS  Stress  of  2024-T3 

As  for  the  ultimate  tensile  stress  of  2024-53,  the  tensile 
yield  stress  data  for  the  hi^e  sequential  exposures  is  given  in 
Table  X7.  as  previously,  1  r~  first  five  sequences  are  only  a 
further  check  of  the  single  ^..posure  analysis* 

The  last  four  sequszJtiAl  exposures  given  in  Table  IV  provide 
the  check  of  the  nethod  for  Calculating  the  tensile  yield  stress 
of  2024-T3  after  the  isaieriai  has  been  exposed  to  a  spectrusi  of 
tine -temperature  exposure.  la  this  particular  case,  t*>e  no:  a— 
Used  curve  of  Figure  23  provides  £■  latter  average  er  th  n  do 
the  individual  curves  of  Vig«re  22  in  predicting  the  •  _rs:  ie 
yield  st^sss.  The  nonraljted  curve  gives  an  average  error  of 
3*62%  '  the  rocxs  ter?er3.fcUr<?  tensile  yield  stress  and  the  indi¬ 
vidual  curves  give  aa  siror  of  3*85%  of  the  roc®  temper¬ 

ature  strength. 

e)  Consideration  of  bequec tial  Siposures  More  Ccnfjlex  than  Four 
dingle  exposures 

Although  uo  sequential  Exposures  Jaore  coeplex  than  four 
single  exposures  were  tested,  the  results  nay  be  extended  through 
the  assu=ptica  that  inters? ' *  heating  of  2G24-T3  ana  7C75-T6 

aivsdnur  alloys  is  equiv2^*<u  continuous  heating.  This  sssmp- 
tion  has  been  nade  for  a  of  years,  having  been  recca®ended 

by  the  A5C  5  Bulletin-  of  Fetal  Aircraft  FHexents13,  June 

1951*  Test  data  has  be»n  obtained  by  the  Alx-dam  Cospasy  of 
America  which  shows  that  the  properties  of  2C24— Tl  rolled  and 
drawn  bar  and  similarly  tks  properties  of  70?~-T6  extended  bar 
do  not  differ  appreciably  whether  heated  continuously  or  in  20 
hours  it. c rerents  under  the  following  conditions; 


1)  At  roca  temperature  and  300°F  after  100  ho  its  exposure 
to  300°F, 

2)  At  roam  temperature  and  300°?  after  200  hours  exposure 
to  3G0°Fo 

3)  At  rooe  tempers. tore  and  40G°?  after  100  hours  exposure 
to  400°Fc 

4)  At  rocE  temperature  and  400°?  after  200  hours  exposure 
to  400°F. 

These  data  are  published  in  SiCA  TH  1419. 


Single  exposures,  to  four  different  temperatures,  say  be  con¬ 
sidered  as  ten  single  exposures  to  each  of  four  temperatures  or  a 
total  of  40  exposures  =>  Therefore,  the  test  results  of  the  last 
four  sequential  tests  tabulated  in  Tables  14  and  15,  represent  test 
results  after  S  sequential  exposures  waere  each  of  the  sequential 
exposures  aay  be  considered  to  consist  of  40  exposures  divided 
evenly  axong  four  separate  temperatures.  These  test  results  are 
in  good  agreement  with  the  calculated  values.  For  the  individual 
curves,  the  calculated  values  average  1=725  percent  lower  than  the 
test  results  and  for  the  noraalised  curves,  the  calculated  values 
average  .275  percent  lower  than  the  te3t  results.  Although  the 
normalized  curves  provided  the  ssaller  difference  between  calculated 
values  and  test  results,  the  range  was  -14.2%  to  /6.6%  while  the  com¬ 
parison  between  calculated  values  free  individual  curves  and  the  test 
results  ranged  free  -126%  to  /6.6%.  All  of  the  extrexe  differences 
came  free  the  2024-T3  test  results.  As  the  significant  error  is 
conservative,  the  individual  curves  and  normalised  curves  can  be 
used  for  more  complex;  sequences  than  40  exposures. 


/■  /■ 

oo 
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Conclusions  cased  upon  me  analysis  presented  in  Table  S7I  sad  la  the  previous 
section  nay  be  stated  as  follcv: 

-)  ---  ultimate  tensile  stress  arc  tensile  yield  stress  of  7075-76 

2024-75  Ale  lad  sheet  can  be  predicted  at  roan  terperature,  200°?, 

3CO°7  and  4CC°?  after  single  exposure  vita  a  95*  confidence  that 
tne  results  are  vithin  5-9?  z-~  respective  rocn  terperature 

stress  of  tne  actual  strength  by  using  the  individual  curves  presented 
in  Figures  13,  15,  18,  and  22. 


Surety  wn  properties  oi  (OTj-Td  and  2024—73  Ale  lad  sneet  ran  be 
predicted  at  any  terperature  free  root  terperature  tc  400°?  after 
^-p5--  exposure  vith  a  95^  confidence  that  the  results  axe  with 
7-  of  the  respective  roar  terperature  strength  of  the  actual 
Ss-reugtn  cy  utiaxtxng  the  nor,  all  red  curves  presented  in  Figures 
14,  16,  19,  and  23. 


3)  “  indx vacua!  curves  of  Figures  13,  15,  lo,  and  22  can  be  used  to 

predict  the  strength  properties  of  7075-76  and  2024-73  Ale  lad  sheet  at 
rocr  terperature,  2L09F,  300=?,  and  *430°?  after  sequential  exposures, 
as  ccrpiex  as  four  single  exposures,  to  vithin  o.%  of  the  respective 
roca  terperature  strength  95?  of  the  tire. 

The  norralired  curves  of  Figure  14,  i6,  19,  and  ?3  can  fee  used  to 
predict  the  strength  properties  of  7073-76  and  2024-73  Alclsd  sheet  at 
any  terperature  free  roan  terperature  to  4G0°F  after  sequential 
exposures,  as  cczpaex  as  four  single  exposures,  to  vithin  6.4*  cf  tie 
respective  rocs  terperature  strength  95?  of  the  tine. 

5)  ire  irciTiduai  curves  of  Figures  13,  15,  IS,  and  22  can  be  used  to 
prerict  tne  strength  properties  of  7075-76  and  2024-7'  Alciad  sheet  at 
roor  texperature,  200°?,  3CO<tf,  and  4C0°F  after  seouekial  erasures  as 
ccspaex  as  10  single  exposures  tc  each  cf  four  terDsxatures{40  exposures  1 
or  even  sore  copier  exposures  vith  good  agreerent. 

6)  __e  noraa!a_ec  curves  cf  Figures  14,  i6,  19,  and  23  can  be  used  to  Predict 

strength  properties  of  7075-76  and  2024-73  Alciad  sheet  at  any  tesaer- 
frutT  f ra\ ro=-  ^eroerature  to  400°?  after  sequential  exposures  as  ccamlex 
^  exposures  u)  esch  w  ^  siscsores)  or 

CTe3  -ore  cenplex  exposures  vith  jcod  agreerent. 
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7075- -6 


Held 

ill 

ti’sate 

IsdiT. 

Hors. 

Indiv. 

Xors. 

-0.9 

-1.6 

-1.6 

-3.3 

-7-5 

-5.2 

-3.3 

-0.9 

-7.4 

-7.3 

-7.3 

-5.2 

-7.3 

_  S’ 

-?.c 

-6.2 

-6.7 

1.1 

3.6 

-0.1 

-0.2 

0.5 

2.5 

0.6 

3-5 

-1.2 

0.5 

-0.4 

4.0 

1.5 

2.8 

1.0 

2.3 

-2.5 

-0.7 

-1.2 

-1.7 

-2.7 

-2.3 

1.6 

1.2 

-2.6 

-3.7 

2.1 

4.7 

-2.4 

-3.3 

-1.0 

2.1 

0.4 

2.7 

1.9 

-2.1 

-0.5 

-0.4 

0.3 

2.0 

-0.7 

-1.0 

3-2 

2024-73 

Yield  Uitizate 


Irdiv. 

1(072. 

Indiv. 

Sara 

-LU9 

-14.2 

-6.6 

-8.8 

*  .  »  « 

-6.9 

-2.9 

-8.2 

-4.7 

-2.1 

-2.6 

-3.0 

-3.1 

-2.0 

-2.4 

—0.2 

-12.6 

-1G.0 

-4.3 

-5-9 

-5.S 

-1.4 

0.1 

0.2 

-2.0 

2.4 

2.4 

1.3 

-0.1 

0.1 

0.1 

4.2 

-1.7 

1.7 

0.6 

2.4 

-1.3 

-1.1 

3.9 

4.3 

1.6 

5.1 

4.2 
*  /\ 
•i.4 

•0#6 

0.6 

-0.4 

4.C 

-4.7 

-4.5 

-2.5 

_  ri 

1.7 

/  s 

2.3 

3.1 

2.0 

0.0 

-1.2 

0.2 

4.9 

4.1 

-0.5 

-2.1 

1.9 

6.3 

Absolute  Sim, 
Absolute  Are. 

39.2 

2.6 

43.9 

2.9 

31-0 

2.1 

43.1 

2.9 

61.7 

3.8 

59.3 

3-6 

41.6 

2.6 

Algebraic  Sic.  - 
Albegraic  Ave. 

-32.2 

-2.1 

-19.7 

-1.3 

-16.0 

-1.1 

2.1 

0.2 

-5?.l 

-3.6 

-27.2 

-1.7 

-1.8 

-0.1 

5^ 

V# 

2.4 

3.6 

2.4 

4.0 

4  0 

3-9 

2-.c 

r>  *7 
V.  1 

— V.  1 

o.e 

-c  0 

0.2 

-C-7 

-0.04 
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Luxe  A 

.re. 

"w 

Inilv. 

Sara. 

Zzci 

t.  Sots. 

2.o 

9  T 


2-9 

5  o 


3.3 

_  S’ 

3.0 

2.6 

<».i 

Sun 

11- i 

13-5 

Ave . 

3.36 

* 

*c  r. 

Ave. 3. -6 
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O  L 

4I0 


r  ^ 

— .u 

3-9 

4.C 


L.u 

2-95 


JOO 


q  32 


65-9 
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APPENDIX  I 


TABULATED  AND  GRAPHICAL  DATA 


Susasarized  tensile  properties  for  each  alloy  and  condition 
are  presented  in  Tables  XVII  through  XX. 

Graphical  presentation  of  the  susn-arized  tensile  properties 
for  each  alloy  and  condition  Is  presented  in  Figures  24 
through  105. 


Hardness  test  data  are  presented  in  Tables  XXI  and  XXII  and 
Figures  104  through  111  for  both  alloys. 

Tensile  test  results  for  each  specimen  are  presented  in 
Table  XXIII  through  XXXIV. 
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HS.l 

526.3 


emera- 


easile  rrcperties  or  7075-2t>  Alcin^  a*  Hoct.  ar>.  iievateu 

"-  errors,  tures  after  Esposurc  s‘  Ele-ulei  ‘■‘ez.*.- futures 


Average  Percent  of  Soon  Teuperature  Properties 

Exposure  Testing  _ _ _ 

Tine  Tesrera-  Proportional  Modulus  of  field  Ultimate 

Hours  tore  °r  Llustt  Elasticity  Strength  Strength  Elongation 


Ol 


1000.0 

a.f. 

It  1.0 

SO.- 

92.2 

93.3 

iOCO.O 

22 0 

te.2 

95-5 

$*.6 

79-2 

117.1 

1000.  c 

?» 

75-3 

Sj.6 

72.0 

6*.9 

1*8.0 

IGQQ.O 

sfw 

£6.2 

£*> 

3*.o 

*6.* 

156.1 

S.7. 

51.5 

39-1 

55-9 

67.* 

52.r 

ISQO.i 

20c 

59.- 

=4.? 

55-3 

53.* 

62-5 

ltflO.C 

JOG 

*9.* 

o9-l 

*9.1 

**.7 

111.5 

icos.o 

«G 

25-7 

08.9 

39-2 

3*-9 

12*. 0 

1QOO.C 

s.t. 

22.? 

106.1 

25-6 

**.l 

52.5 

1000.0 

POO 

ia.g 

112.6 

25.I 

IJO.l 

IOCO.O 

300 

16.0 

116.2 

2*.0 

5^.1 

*£7-1 

1000.0 

mo 

16.3 

101.6 

21.* 

19- * 

391-7 

1000.0 

3.7. 

20.9 

105-5 

23.2 

*1.3 

126.0 

1000.0 

200 

21.5 

m.6 

21.5 

39-5 

176.5 

2000.0 

300 

16.6 

105.9, 

20.9 

29-3 

**6.2 

1000.0 

400 

22.5(3) 

52.3(3) 

19-1(3) 

19-3 

6*2.3 

R.T.  desigrat-ii  ro 
to  be  in  the  range 


nature.  Actual  temperature  vas  cot  measured  but  vas  known 


(2)  The  percentages  carresgoeriieg  to  these  exposure  temperatures  ere  indicative  of 
original  -lata  pise  that  obtained  free  retest  specimens. 


original  -iata  pise  that  obtained  free  retest  specimens. 
'•  3)  This  vslue  represe^ta  specimens  only. 


VADC  TR  50-5o5 


-  or  iCT>*iC  Alclaa  Sheet  at  Rocc  arri  Elevated  Temperatures 

trier  a  Seauesce  or  Exposures  at  Elevated  Temperatures 
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— 
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3 00 

— 
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3» 
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37-7 
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ko 
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— 
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3w 

33» 

JCO 
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33* 

3^ 
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r4-/ 
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*00 
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** 

5^.2 
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(1) 

3.7.  c«s! 
Ssevs  to 

Lssat»* 
be  la 

»a«R  .  JL- 

th?  e*=^e»  . 

ts 

*?«-rature 

vas  aot 

SfWWT^t  5« 

«AEC  23  56-5S5 

i5$ 

Jf  <?  >*>  O  OJt  OSlOrrMO  OJOJOH  CM  iNMrt  *7  °.  °.  *T '0  *7  "i  V£J'"!  r*  ^  *»  « 


Tensile  Properties  of  2G2t-73  — »d  70p  { -Tt>  Alcled  Sheet  at  Hoorn  and  Elevate;: 
lerperatures  after  an  Additional  Sequence  of  Exposures  at  Elevated  7eaj«T*  tares. 

sequential  Exposure  lestins  Average  Percent  of  Hops.  2eup-=-atare  i  roc-ertles 

Tine  and  “enperatare  Tempera-  Proportional  Jiodulus  of  Held  Ultin&te  Elo 

•irs-  ~eird  "ourth  ture  °?  Linit  Elasticity  Strength  Stres^th  tic: 


2G2t-?3  Alclad  Sheet  Properties 
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TABLE  XXI 


Specimen 

Number 

2A1 

2A2 

2A3 

2C29 

2C50 

2C31 

2C32 

2C35 

2D7 

2D3 

2DS 


ROOK  TEMPERATURE  ROCKWELL  HARDNESS  0?  .064  GAGE  2024-13  ALCLAD 
SHEET  AFTER  VARIOUS  TEMPERATURE-TIME  EXPOSURE  CONDITIONS 

Yield  Ultimate  Hardness 

isen  Strength  Strength  R  r 

r  psi  pai  B 


258 

259 
2F9 
2F10 
2C-9 
2810 
2G11 
2J1 
2J4 
2J5 
2K4 


15580 

15670 

15550 

51750 

51560 

46850 

46850 

47150 

25630 

24760 

24290 

37930 

38050 

38050 

50000 

49070 

59050 

39340 

39870 

18120 

17690 

17590 

5S0I0 

35940 

35930 

55830 

55580 

55270 

21010 

20050 

19940 

45590 

46550 

46930 

59820 

59530 

59250 

33790 


45250 

45570 

47650 


33860 

34710 

34440 


6”Co0 

78.0 

68280 

77.4 

50410 

65.1 

60380 

65.8 

60440 

66  .4 

45550 

40.4 

103. 

45770 

39.1 

103. 

45450 

38.2 

103. 

63320 

70.6 

63370 

71.0 

53520 

69.5 

62040 

70.9 

51800 

68.6 

56090 

61.5 

110, 

55950 

60.0 

111. 

55300 

58.0 

110. 

3S660 

23.4 

98. 

25.8 

98. 

35S20 

23.0 

97. 

52830 

54.3 

109. 

52810 

54.1 

109. 

52550 

55.1 

109. 

65530 

74.3 

65530 

74.9 

65370 

74.0 

40540 

27.5 

102. 

33740 

26.3 

ICO. 

33250 

24.1 

10}  . 

53440 

68 .0 

53360 

67  .4 

53510 

68  .5 

7X170 

73.-5 

70950 

80.8 

70770 

79.7 

117  - 

4SSS0 

108. 

43540 

108. 

43690 

109.  < 

59500 

67.3 

59500 

66.5 

60120 

68.7 

Mas r  w  56-355 
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TA3Z£  XU  (Cant’d) 


Roc*  Texoerature  RockseH  H&rdness  of  .064  Gage  202^13  Ale  lad  Sheet  After 
Various  Te*peiature-Tiae  Exposure  Conditions 


Specimen 

:iur.r*r 

2X1 

2X2 

2X3 

2Y12 

J*. 

223 

2AA1 

2AA2 

2AA3 

2SB1 

2R23 

T 

<6 r-W  ++ 

s\ 

2?ZZ 

2D22 

2DD3 


2ES2 

2333 

2EH1 

2H52 

2111 
2112 
«*  A.-^ 

2JJ"1 
2Jw2 
2J-3 
SCSI 
if.T,2 
2XJ-3 
»*A  *  I 
SAvl 

•*f£J  *  * 

23S2 


2SC1 

2CC2 

2D-2I 

**•>  4*  J"> 
tj  j|*  ^  Jte 

<A-2*V  A 

23J2 

2322 

25C1 

2G-C2 


Yield 

Strength 

psi 

46900 

47S30 

43510 

42300 

61540 

51460 

51SS0 

27150 

25700 

25180 

27430 

25690 

24140 

27390 

27230 

25630 

41SS0 

41570 

41240 

41730 

41330 

50230 

29970 

30160 

23300 

22500 

21740 

55720 

$5630 

$5510 

44450 

44110 

43310 

42330 

43550 

42970 

43300 

43770 

44100 

44220 

44050 

44550 

44530 

44700 

44250 

44330 


Ultimate 

Strength 

psi 

59440 
59910 
604S0 
66460 
68920 
69350 
69690 
45370 
45170 
45300 
44670 
43030 
41510 
44190 
44340 
43750 
55850 
66820 
66360 
56670 
67230 
47210 
47050 
47340 
43210 
41950 
41300 
57500 
6  £7  20 
66  £80 

5  £330 
5$?20 
56690 

6  §470 

66S1Q 

57SOO 

$7450 

65230 

$§010 

67540 

6§240 

65&40 

$5550 

5SS40 

$7550 

67500 


B 


Hardness 


66  .0 

67.8 
68.2 
69.4 
77.0 

76.9 
78.3 
35.6 
40.0 
54  .0 


39.0 

41.5 

40.2 

68.3 
68.8 
69.0 

69.4 

70.1 

41.6 
42«1 

42.2 

15.9 

14.9 

16.6 

70.3 
70.6 

71.1 

60.1 
o9  .3 

58.4 
71.0 

70.9 

71.2 
71.1 
71.8 

71.4 

71.5 

71.5 

71.6 
71.4 

71.7 

70.3 

69.4 


‘£A2C  7R  ?6-!$5 
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TABLE  XU  (Cont’d) 


Roc*  Temperature  BoctareU  Hardness  of  .064  Gage  2024-T3  Ale  lad  Sheet  After 
Various  Tempera ture-TI*e  Exposure  Coaiitiaca 


Yield 

Ultimate 

Specimen 

Strength 

Strength 

R3 

Number 

psi 

psi 

2HC1 

44380 

67810 

2HC2 

44O8O 

67910 

70,2 

2IC1 

44980 

68810 

71.3 

2IC2 

44670 

68970 

71,6 

2JC1 

43610 

66510 

69.8 

2JC2 

43610 

6C670 

70,2 

2KC1 

43690 

66620 

69.5 

2SC2 

43830 

67230 

7C.0 

2LC1 

43940 

67550 

72,2 

2L02 

43960 

€7790 

70. S 

2KC1 

43830 

67750 

70.  9 

2MC2 

43400 

57730 

70,9 

2??C1 

44750 

58670 

69.7 

2XC2 

44460 

5S460 

71.2 

20C1 

45220 

58980 

71.5 

20C2 

45120 

59140 

71.3 

2PC1 

45500 

69550 

71.4 

2PC2 

44780 

68100 

70.1 

2QC1 

45120 

63210 

2QC2 

44920 

63310 

Hardness 


VABC  TK  5^-585 
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TAELS  XXII 


RCXK  TSXPERATDRS  ROCKWELL  HABD5ESS  0?  .0b4  GAGE  7C75-'£6  ALCLAD  SEES?  AFTER 
TTi-oTfsrr^  mavpi^RATDRE-TIEE  EXPOSURE  COSDitIQSS 


Specimen 

liuriber 


Yield 

Strength 

psi 


Ultimate  Hardness 

Strength  R3 


7AL 

14050 

7A2 

13980 

7A3 

14200 

7034 

5**060 

7C35 

53770 

7D2I 

54370 

7D22 

25570 

7023 

25650 

7D28 

25820 

7F38 

62540 

7F39 

62700 

7?4o 

62700 

7Go 

36170 

7S1 

16130 

752 

35970 

714 

65600 

715 

65320 

7l6 

65500 

7X7 

63220 

7K6 

63690 

7L1 

63060 

TMo 

18330 

7>s3 

13430 

70L 

64080 

7?1 

66020 

7P11 

65760 

7PI2 

23310 

7?13 

23320 

7^1 

35060 

702 

35110 

7Q3 

34790 

7T2 

56010 

7?3 

55950 

7x4 

55710 

7U3 

67340 

7U4 

67340 

7U5 

67500 

7V4 

54660 

7V5 

55350 

7*3 

53260 

7*4 

53630 

7*5 

55290 

32840 

92.6 

32300 

92-3 

32790 

91-3 

659IO 

73-3 

llp.S 

65900 

74.6 

115.5 

66340 

72.4 

114.8 

44140 

37.3 

105.1 

44160 

35.6 

104.8 

44240 

36.2 

104.9 

72640 

77.6 

72800 

79-5 

72830 

76.6 

53380 

55.5 

110.0 

53550 

56.1 

110.4 

51610 

53-6 

109-6 

76910 

81.0 

77160 

19.3 

77000 

80.5 

74840 

80.3 

75640 

79-1 

116.3 

71340 

51.5 

37780 

77.8 

3798° 

93.0 

75000 

8l.O 

76210 

81.5 

116.6 

76210 

81.2 

40190 

102.0 

40030 

102.3 

50650 

55.0 

109.4 

50810 

53-7 

109.5 

50320 

53-8 

109.1 

66610 

75-6 

66610 

74.9 

66510 

73.5 

76560 

81.9 

76560 

8g.3 

76720 

81.0 

65970 

74.1 

66670 

75-3 

64540 

74.4 

64950 

■*4.0 

66190 

73-4 

¥ADC  TR  56-58? 
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TAELS  XXII  (Coat'd) 


BOOK  T9CFSBAT0HS  B0C5WSLL  HkSDSSSS  OP  ,C6k  GAGE  7075-1$  AICIA3  52E27  AWS8 
YABIOOS  xaHFSASSH2-TQ£S  SSPOSOHE  CC5DI7IC55 


Yield 

ultimate 

Sp^i  inon 

Strength 

Strength 

S3 

Nus&er 

psi 

psi 

"Dll 

46240 

77350 

SI. 4 

7D52 

65720 

7^650 

82.4 

7201 

56S40 

78550 

SO  .6 

TEC  2 

66720 

77920 

SI  .3 

7?C1 

67590 

73500 

SO  .3 

TFC2 

66550 

73130 

SO  .3 

7GC1 

S5S20 

77380 

60.4 

7GC2 

65450 

77900 

79.8 

7HC1 

668&0 

78130 

81.1 

/Zv/' 

66020 

77880 

62.3 

7IC1 

65390 

77360 

79.0 

7IC2 

65640 

76610 

78.9 

7JC1 

67250 

77850 

83.0 

7JC2 

67250 

77850 

82.0 

7EC1 

67300 

73230 

30.5 

75C2 

66940 

78500 

81.7 

7LC1 

55500 

78320 

31.2 

7VC1 

65520 

77440 

32.2 

7?C1 

67470 

78690 

83  .o 

7?G2 

67420 

73780 

83.8 

7QC2 

67040 

77520 

83.2 

7HC2 

57950 

78520 

83.8 

7SC1 

57420 

79520 

31.8 

7SC2 

69310 

79420 

81.5 

7TC1 

58210 

78430 

80.8 

7TC2 

52590 

78750 

81 .3 

7DC1 

69400 

79500 

81.3 

7U02 

6 9240 

79500 

81.0 
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VADC  T3  5^~5o5 


TiMSILK  STRENGTH,  1000  PSI 

FIGURE  104  ROCKWELL  HARDNESS  VERSUS  TENSILE  YIELD  STRENGTH  OF  2Q24*T3  ALUMINUM  ALLOY 


Tensile  Yiei  t  jtrkmgth,  iowpdi 

FIGURE  105  ROCKWELL  HARDNESS  VERSUS  TENSILE  YIELD  STRENGTH  OF  20i4-T3  ALUMINUM  ALLOY 


ULTIMATE!  TENSILE  STRENGTH,  1000  PSI 

ROCKWELL  a  VERSUS  ULTIMATE  TENSILE  STRENGTH  FOR  2024-T3  ALUMINUM  ALLOY 
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FIGURE  106  ROCKWELL  B  VERSUS  ULTIMATE  TENSILE  STRENGTH  FOR  2024-T3  ALUMINUM  ALLOY 


WADC  TR  56-585 


ULTIMATE  TENSILE  STRENGTH,  1000  PSI 

FIGURE  107  ROCKWELL. H  YERSUS  ULTIMATE  TENSILE  STRENGTH  FOR  2024-T3  ALUMINUM  ALLOY 
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TENSILE  YIELD  STRENGTH,  1000  PSI 

FIGURE  108  ROCKWELL  HARDNESS  VERSUS  TENSILE  YIELD  STRENGTH  OF  7075-T6  ALUMINUM  ALLOY 
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TENSILE  YIELD  STRENGTH,  1000  PSI 

FIGURE  109  ROCKWELL  HARDNESS  VERSUS  TENSILE  YIELD  STRENGTH  OF  7075-T6  ALUMINUM  ALLOY 
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ULTIMATE  TENSILE  STRENGTH,  1000  PSI 

FIGURE  110  ROCKWELL  B  VERSUS  ULTIMATE  TENSILE  STRENGTH  FOR  7075-T6  ALUMINUM  ALLOY 
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ULTIMATE  TENSILE  STRENGTH,  1000  PSI 

FIGURE  III  ROCKWELL  H  VERSUS  ULTIMATE  TENSILE  STRENGTH  FOR  7075-T6  ALUMINUM  ALLOY 


RESULTS  OF  TENSILE  TESTS  OF  2Q24-T3  AlCiJ©  SET  AT  ROCK  AND  ELEVATED  TBlFHttTURES 
AFTER  0.1  AND  1.0  HOUR  ETTOSURE  AT  ELEVATED  IHJ'ERATURES 
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